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1.0

INTRODUCTION

Since their formation some ten thousand years ago the Great Lakes, as they are known today,
their connecting channels and drainage basins have continued to function as a natural dynamic
system; reacting to changes in weather, climate, shoreline configuration and tectonic crustal
movement. These geologic processes will continue.

Throughout the period of the lakes development, wind, waves and fluctuating water levels
have joined to erode the shorelines and nearshore areas, building up sandspits and offshore bars,
and transporting very fine sediments even to the central deeps of the lakes. Surface and

subsurface drainage bring to the lakes quantities of soil, decaying vegetation, dissolved minerals
and other natural wastes. Natural climatic variations have resulted in changing of mass water
temperatures over prolonged periods and consequently influenced all forms of aquatic life.

Prior to European settlement of the Great Lakes basin, man s influence on the lakes was
inconsequential. The aboriginal population was relatively sparse and their lifestyle was one of
adapting to the environment rather than seeking to change it. Significant man-made changes
began with the first large influx of pioneers some 170 years ago. Forest lands were cleared for
farming, significantly altering their runoff characteristics. The increased intensity of flooding
along streams and rivers resulted in movement of greater quantities of sediment into the lakes,

while farm wastes contributed new ingredients to the discharges. As farming established itself
around the Lower Lakes, it was accompanied by the growth of towns and industries which tended

to situate along the lakeshores and tributary streams. These, in turn, added their wastes to the
growing efflux entering the lakes. During the 19th century industrial development spread to all

parts of the Basin, attracted by the increasing population and the availability of natural
resources.

At the same time as the land areas were being developed, the use of the lakes and their
connecting waterways was intensifying. The development and growth of harbours and navigable
channels were closely linked, in a socio-economic sense, to the development of the land areas.

The Great Lakes provided an inland transportation system long before the earliest days of
the fur trader s canoe or the settler s bateau. For the Indians, the waterways served as routes for

the transport of both trade goods and war parties. The early trading routes on the lakes made use
of the waterway in its natural state, and cargoes were portaged around unnavigable reaches.
While vessels were small and the cargo expensive, portaging was a feasible proposition. However,

as supply and demand for the low-value bulk commodities of the Great Lakes region and
hinterland areas to the west increased, portaging or transshipment became no longer economical

and the construction of canals and locks was begun. Completion of the Erie Canal in 1825
heralded a period of rapid construction which was to see a canal and locks bypassing Niagara
Falls by 1829, a series of works connecting Lake Ontario to Montreal by 1848, and a canal and
locks at Sault Ste. Marie by 1855. By 1861, forty ships a year were sailing into Lake Superior from

Europe.

The continuing high demand for cheap waterborne transportation of bqu commodities such
as wheat, iron ore, coal and forest products and the advances in shipbuilding technology led to
the enlargement and upgrading of these navigation facilities as well as modifications of natural
channels in the connecting waterways to allow more rapid and safe passage of larger vessels. The
concentration of much of the US. and Canadian steel industry in the Great Lakes basin provided
an additional impetus to the upgrading of channel facilities. Following development of the iron ore

potential of Eastern Quebec and Labrador the necessity for an economic transportation route to

the steel mills was a significant motivating factor in the decision to construct the St. Lawrence

Seaway which was completed in 1958.

As navigation channels in the connecting rivers were dredged deeper and wider, flow
velocities were reduced encouraging deposition of sediments. During the past 70 years the levels
of Lake Michigan and Huron have beenlowered as a result of dredging both for materials recovery
and for navigational improvement. lt was reported by the Joint Board of Engineers in 1926 that
a lowering of about 9 cm had resulted from commercial dredging of gravels from the St. Clair River
in the vicinity of Point Edwards, Ontario between 1908 and 1925. The materials dredged in
deepening the channel for navigation purposes were, in large part, deposited within the river at
locations where they would not impede navigation but would offset in some degree the effects of
channel enlargements. The uncompensated lowering of Lake Michigan, through dredging for a
25-foot (7.6 m) channel prior to 1933 and for the 27-foot (8.2 m) channel project completed in
1962, is estimated to be about 15 cm. Similarly, the effect on Lake St. Clair was somewhat more

than 2.5 cm.T

Ports were developed either as transshipment points for bulk cargoes originating in or
destined for hinterland areas, or to serve particular industries such as fishing, shipbuilding,
mining, as well as facilities such as saw mills, steel mills and pulp and paper plants. The natural
harbours in bays and at river mouths were improved by the construction of wharves and
breakwaters and enlarged by the dredging of basins and approach channels. The configurations
evolved at many harbours created settling basins which trap the ever-increasing solids load being
carried to them by the influent rivers. The approach channels dredged to harbours also entrap
sediments transported by littoral drift as do the jetties and breakwaters which interrupt these
alongshore currents resulting in accretion on their updrift sides whilst increasing erosion in the
lees. The deposition of sediments and other deleterious matter in harbours and approach
channels has necessitated a regular dredging program to maintain navigable depths for today s
marine fleet.

1t

Regulations of the Great Lakes Water Levels, Report to the |.J.C. by the International Great Lakes Levels Board,
December, 1973.

Until recently, very little consideration was given to the quality of the material being dredged

and no special efforts were made to control the dispersal of such material either during the
dredging or disposal operations. However, mounting concern has developed over the increasing
pollution of the Great Lakes from all sources and of the possibility of irreversible harm being done.
The role of dredging activities in creating or aggravating environmental problems must be better
understood in order to determine what improvements can and should be made to minimize
harmful effects. It is these problems that are primarily addressed in this report.

1.1

AUTHORITY AND SCOPE

On April 15, 1972, the President of the United States and the Prime Minister of Canada
signed the, Agreement between Canada and the United States of America on Great Lakes Water
Quality. On November 15, 1972, on the advice of the IJC, the International Working Group on
the Abatement and Control of Pollution from Dredging Activities was established in compliance
with Article V, Section (f) of the Agreementi
The Working Group was charged with undertaking a review of existing dredging practices,
programs, laws and regulations with the objective of developing compatible criteria for the
characterization of polluted dredged material and recommendations for compatible programs
governing the disposal of dredged material in open water.

1.2

ORGANIZATION OF THE WORKING GROUP

On November 15, 1972, the International Joint Commission established
the Working Group.
The Group held its first meeting on December 13, 1972. Subsequent meetings were
held, as often as necessary, alternating between locations in the
United States and Canada.
The members, representing navigational, environmental,
and fish and wildlife interests, as of March 31, 1975, were:

Appendix A contains pertinent excerpts from the Agreement.

UNITED STATES

CANADA

Albert C. Printz, Jr.
Chairman, US. Section

U.S. Environmental Protection Agency

C.K. Hurst
Chairman, Canadian Section
Chief Engineer,
Department of Public Works

Harry C. Anderson,
Chief, Permits and Special Studies
Branch
Division of Ecological Services
Bureau of Sport Fisheries

Sport Fisheries Branch
Ontario Ministry of Natural
Resources

Director, Office of Technical Analysis

G.C. Armstrong

Supervisor, Fish Culture Section

and Wildlife
US. Department of the Interior

Gerald P. Brezner,
Chief, Water Quality Standards Section
Department of Environmental
Conservation
State of New York

S.E.

Carl C. Cable

R.W. Slater,

Salbach,

Supervisor, Planning &

Co-ordination Section
Water Resources Branch
Ontario Ministry of the
Environment

Chief, Construction Operations
Division
North Central Division
U.S. Army Corps of Engineers

Director, Ontario Region

Dale W. Granger,

P.G. Sly,
Chief, Lakes Research Division
Canada Centre for inland
Waters

Chief, Hydrological Survey
Division

Bureau of Water Management

Environmental Protection
Service
Environment Canada

Michigan Department of Natural
Resources

Russell D. Hart
Engineer, Industrial Waste
Section

R.H. Smith,
Chief, Waterways Development
Ministry of Transport

Division of Engineering

Ohio Department of Environmental
Protection

During the course of the Working Group s study, Mr. Brezner replaced Mr. Edwin L. Vopelak,
also of the New York State Department of Environmental Conservation, and Mr. S.E. Salbach

replaced Mr. W.E. Erlebach of the Ontario Ministry of the Environment.

In addition, the following appointments were made by the Chairmen:

UNITED STATES

CANADA

Pamela Duncan,
Secretary, American Section
Program Analyst
U.S. Environmental
Protection Agency

C.G. Benckhuysen,
Secretary, Canadian Section

1.3

Head, Marine Equipment and
Environmental Protection Section
Department of Public Works

AREAS OF INTEREST
The Working Group has been concerned primarily with developing findings, conclusions, and

recommendations on the following subjects:

i) The beneficial and deleterious effects of dredging activities on
the environment;

ii)

Current and past dredging practices;

iii)

Agencies and their responsibilities;

iv)

Methods of dredging and related activities;

V)

Socio economic considerations of dredging;

vi) Existing legislation and regulations concerning
dredging activities;

vii) Research and exploratory studies being conducted in
both countries;

viii) Short

and long term environmental objectives and their
economic impact;

ix) Areas of possible improvement in dredging technology and

practices; and

X) The development of improved guidelines, legislation, regulations
and administrative procedures for dredging activities.

The foregoing include areas which the Working Group considered necessary to
investigate as well as the concerns specifically detailed in Annex 6 of the Agreement?

1.4

SUMMARY
By its terms of reference the Working Group has been directed to review dredging practices

and programs in the Great Lakes as well as the relevant laws and regulations governing dredging
for the purposes of developing compatible criteria for the characterization of dredged material
and making recommendations for compatible programs governing disposal of polluted spoil in
open water.

Prior to the 19705 no special concern regarding the environmental aspects of dredging had
been identified and, as a consequence, very little information can be gleaned from the experience
record which would indicate the effects which may have been imposed. Indeed, even today, after
several years of intensive study into lake processes, it is difficult to separate the chemical and
biologic impacts of a dredging or open-water disposal operation from similar influences occurring
as a consequence of introductions of pollutants from other sources.

Insights derived from recent research into the chemistry of the Lake waters indicate

considerable variability in the geochemical and biochemical processes which is not predictable on
the basis of routine analyses. Nevertheless, there is ample evidence to show that water quality has

been influenced by man s activities within the basin of the Great Lakes since settlement began

about the beginning of the 19th century. The decline and virtual extinction of the indigenous
oligotrophic fish species, which were once widely distributed throughout the Lakes, as well as
succession changes in the planktonic and benthic populations evidence the impact of cultural
pollution upon the aquatic environment and its ecosystems. Recent sedimentologic studies have

demonstrated the widespread distribution in the bottom sediments of the Lakes and connecting

channels of heavy metals and of unnatural products of technologic society, as well as indicating

increases in the rates of accumulation of sediments and leached chemicals above those levels
which prevailed prior to settlement.
There is evidence from laboratory studies that the levels of toxicants and oxygen demands,

which occur in the sediments that accumulate in harbours and channels, can impose lethal

stresses on organisms of the ecosystem, while high concentrations of nutrients can trigger
instability in the biomass. The occurrences of blue-green algal blooms in Lake Erie, as well as parts
of Lakes Ontario and Michigan, have been related to high levels of nutrient supply, particularly
phosphates, being added to the waters. Fish and wildlife studies have demonstrated their capacity
for biochemical uptake and concentration of heavy metals and pesticides. Even after point-source
control of such contaminants has been achieved it is apparent from studies of diffuse sources of

See Appendix A

pollutants that contamination of sediment accumulations at the mouths of rivers and
drainageways is likely to continue, despite efforts being made to reduce such sources through
improved management practices.
The criteria currently being applied by the U.S. Environmental Protection Agency and the
Ontario Ministry of Environment for the categorization of pollutants in dredged materials provide
somewhat limited indications of potential hazards. The selected parameter values, as determined
by traditional laboratory processes, provide only information on the total concentration of various
substances. No satisfactory correlations have been established between such total concentration
values and the levels of their availability under natural environmental processes. Geochemical and
biochemical reactions differ under oxic and anoxic conditions; many reactions are
interdependent, some synergistic. There is, moreover, a wide range in the natural background
levels of various chemical constituents from one location to another within lakes and between
lakes, which, particularly in the littoral zone, exhibit seasonal variations.
It is the conclusion of the Working Group that there are no single parameter values which
could be adopted as universal criteria applicable throughout the Great Lakes. Thus, it is
recommended that environmental protection will be more meaningfully achieved through a
sitespecific assessment of the hazards and potential benefits of each project within its particular
environment. The basic criteria for all dredging activities should be the preservation of designated
water uses, including viable aquatic and terrestrial ecosystems, and the optimization of net
socio-economic benefits to society. ln project evaluation, a selection of indicator parameters
should be made from baseline information of water and sediment quality and known sources of
potential contaminants. in the evaluation of hazards, bioassays and other tests which more
closely relate to the availability of contaminants to the ecosystem should be adopted. Attention
must also be given to the design of sampling programs, and test procedures to ensure that they
adequately assess the actual conditions.
Many of the potentially adverse impacts from disposal operations could be avoided through
enlarging the scope of dredging projects to encompass activities for the beneficial use of dredged
materials. Much of the material dredged from the Great Lakes and connecting channels is not so
heavily contaminated as to require deposition in special containment sites. Indeed, the high cost
of confined disposal provides an incentive for finding alternative uses for the dredged material.
Multipurpose design of dredging projects can take advantage of opportunities to create facilities
and amenities which will avoid the more serious environmental impacts likely to arise from
open-water disposal and at the same time provide supplemental benefits which will offset the
added costs of dredging under environmental constraint.
The existing legislation and regulations concerning dredging activities as well as the agency
responsibilities and administrative procedures with respect to the assessment and design of
dredging projects have been reviewed in some detail. It is concluded that there are adequate laws
to ensure that dredging activities are carried out in compliance with requirements for
environmental protection. The Working Group considers that the introduction of the
recommended guidelines should be accomplished by administrative action to allow some
flexibility to meet changing responsibilities of different agencies and jurisdictions. Moreover, it is

recommended that administrative procedures be adapted to provide a longer lead time between
identification of projects and programs and their execution to facilitate the proper investigation
and assessment of alternatives. Although subsequently some legislative modifications may be
appropriate, it appears premature at this time to suggest specific changes.
The majority of dredging is undertaken directly by government agencies in support of

navigation interests and for the improvement of marinas and harbours for fisheries and

recreational activities. Dredge mining of sands and gravels for materials recovery and creation of
landfills is often undertaken by private enterprise. Such activities are, however, subject to
licensing by provincial or state jurisdiction. Therefore, although a situation could arise which
would not be covered by existing regulations requiring prior assessment of environmental
concerns, in such event, the project proponent would be advised to comply with acceptable

environmental practices, under notice of possible prosecution under a variety of acts which

prohibit any actions which cause a deterioration of water quality. Even though such anapproach
is punitive rather than preventative, it seems unlikely that any private dredging would proceed
without regard to the concerns identified by the regulatory agencies for environmental
protection.
The attention focussed upon the environmental aspects of dredging during recent years has
led to intensive programs of research and investigations. At this time the state of knowledge of
many aspects of the Lake environments, ecology and complex water chemistry processes is being
rapidly extended. Most of the specific research needs have been identified and projects initiated
to investigate a broad spectrum of interrelated aspects.

In parallel with the specific research into various aspects of dredging activities there is a

continuing program of investigations into the morphology and morphometry of Lake sediments
and of the spatial and time variations in water quality and aquatic ecosystems. During the past

five years a great deal of data has been collected, much of which remains to be fully analyzed and

interpreted. Thus this report is written at a time when the general conclusions and
recommendations presented herein are supported by the preliminary findings and interpretations
of the research and investigation programs. However, many specific aspects will be developed and
confirmed only during the next few years. The Working Group recommends that the research
programs be encouraged to define more rigorously the specific nature of impacts relating to

nutrients and potentially toxic substances as well as to support further advances in dredging
technology.
The effects of individual dredging projects are seen primarily as short-term impacts, although
it is recognized that the redistribution of polluted materials in thin layers on the bottom of the
lakes may make additional contaminants available for uptake through the ecosystem. Even
though the specific long-term contributions to degradation of water quality by individual dredging
projects may be impossible to establish, it is important to recognize the aggregate effort of
dredging programs, by lake, which will continue into the foreseeable future. Thus the Working

Group finds it appropriate to recommend the appointment of a Standing Committee to audit
dredging activities in the Great Lakes and to review assessments of individual projects to ensure
compliance with recommended guidelines. Moreover, such a committee would provide a logical

focus for encouraging the exchange of information from continuing research activities and
accumulated experience and to recommend changes in criteria and guidelines as may be
appropriate in the light of advances in the technology relating to dredging and environmental
problems.

2.0

AGENCIES AND RESPONSIBILITIES

Responsibility for most dredging activities, in both the United States and Canada,

derives from federal authority over navigable waters and for the protection of the natural
environment. In the United States these powers devolve responsibilities for the maintenance and
improvement of navigation to the Corps of Engineers and for coordination of federal pollution
abatement activities upon the Environmental Protection Agency; whilst in Canada these
responsibilities are shared among the Department of Environment, the Ministry of Transport and
the Department of Public Works. Although federal legislation and authority are paramount with
respect to navigable waters, state and provincial legislation governing proprietary and public trust

rights over submerged and submersible lands, land use, resources conservation as well as

environmental quality are effective.

The Working Group has been charged with the development of compatible guidelines
for the control of dredging activities in the Great Lakes basin. Thus an understanding of current
administrative procedures, regulations and enabling legislation forms an essential background to
the discussion of environmental considerations, dredging practices and recommendations for the
compatible control of dredging activities to minimize deleterious effects upon the environment
that are presented in succeeding chapters of this report. Hereinafter, the responsibilities of the
principal agencies concerned as well as the pertinent legislation and current administrative

procedures

are

reviewed.

Jurisdictional and

administrative differences dictate separate

discussion of these aspects for each country.

Before presenting details of agency responsibilities and legislation, it is opportune to
record the general conclusion of the Working Group that there appears to be no lack of legislation
in either the United States or Canada as may be required to implement the procedures
recommended herein for programming, assessment and control of dredging activities. Nor are
there any prohibitions apparent which would hinder their adoption. Although the proliferation of
laws which may be effective might indicate a desirability for some future consolidation, it is
suggested that adoption of the recommendations of this report be accomplished by administrative
action and that the proposed guidelines be evaluated in practice before any substantial revision
in legislation is contemplated.
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2.1

U.S. AGENCIES

In addition to the Corps of Engineers and the Environmental Protection Agency, the
Fish and Wildlife Service of the Department of the Interior and the National Marine Fishery Service
and National Oceanic Survey of the U.S. Department of Commerce co-operate at the Federal level
in investigatory and surveillance activities relating to the protection of aquatic ecosystems. Each
state exercises proprietary and public trust rights over submersible and submerged lands. in
addition the several states bordering upon the Great Lakes exercise certain rights over water
quality, fish and wildlife and other conservation aspects bearing upon dredging and disposal
activities. The county and municipal agencies involved are too numerous to record. it will suffice
to note that the principal Federal Agencies, the COE and EPA, are charged with responsibility for
ensuring that all state and local authorities are advised and consulted with respect to dredging
projects that fall within their jurisdictions. In Section 2.2.2 examples of applicable state legislation
are reviewed.

2.1.1

U.S. Army Corps of Engineers (COE)

The Corps of Engineers administers the Rivers and Harbors Act of 1899 and
subsequent amendments thereto, and is charged therein with direct responsibility for the
maintenance and improvement of navigable waters throughout the United States. Within the
Great Lakes, in addition to dredging of U.S. ports and harbours and other navigable channels, the
Corps undertakes the maintenance of all boundary water channels with the exception of the
South-East Bend Cut-Off Channel of the St. Clair River and the approaches to the Welland Canal.
In addition, the Corps is responsible for review of all proposed dredging works and the issuance
of permits for all private projects as well as those Federal projects that are not carried out by or
on behalf of the Corps. In such reviews the Corps is charged with responsibility for ensuring that
proposals comply with other Federal acts relating to protection of the environment and for
ensuring coordination with State authorities and compliance with other regulations.
Recent amendments to the Rivers and Harbors Act impose upon the Corps a
responsibility for constructing and maintaining disposal sites for the containment of polluted
materials from dredging operations in the Great Lakes and connecting channels. Section 123 of
PL 91-611 states:

The Secretary of the Army, acting through the Chief of Engineers, is authorized to
(a)
construct, operate, and maintain, subject to the provisions of subsection (c), contained spoil
disposal facilities of sufficient capacity for a period not to exceed ten years, to meet the
requirements of this Section. Before establishing each such facility, the Secretary of the Army shall
obtain the concurrence of appropriate local governments and shall consider the views and
recommendations of the Administrator of the Environmental Protection Agency and shall comply
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(i)
The Chief of Engineers, under the direction of the Secretary of the Army, is hereby
authorized to extend to all navigable waters, connecting channels, tributary streams, other waters
of the United States and waters contiguous to the United States, a comprehensive program of
research, study, and experimentation relating to dredged spoil. This program shall be carried out
in cooperation with other Federal and State agencies, and shall include, but not be limited to
investigations on the characteristics of dredged spoil, and alternative methods of its disposal. To the
extent that such study shall include the effects of such dredge spoil on water quality, the facilities
and personnel of the Environmental Protection Agency shall be utilized
The Corps program under this Act has been moving forward. The US. Environmental
Protection Agency initially determined that 71 of the U.S. harbours (since reduced to 65) have
polluted bottom sediments which must be confined under this program. Initially 56 diked disposal
areas would have been needed to accommodate these projects. Requirements have beenreduced
to 47 locations at this time. Several additional harbours are being re-evaluated by EPA and may
be dropped from the program.

Milwaukee,

Construction is underway at nine of the diked areas (Cleveland, Grand Haven,
Toledo,
Dickinson
Island, Buffalo,
Huron,
Manitowoc-Two Rivers, and

Kenosha-Racine), four of which will be completed prior to June

1975(Cleveland, Grand Haven,

Milwaukee, and Dickinson Island). Four of the remaining five areas will be completed prior to June
1976 (all except Buffalo).
While the Pilot Program Study of 1969 concluded that the cost of this program be
considered a pollution abatement charge, funding has been made available from the Corps
annual Operation and Maintenance budget for dredging. Costs for both construction of the diked
areas and the added dredging expense are identified separately in the budget presentation.

2.1.2

US. Environmental Protection Agency (EPA)

The Environmental Protection Agency, established as an independent agency on
December 2, 1970, was created to permit coordinated and effective governmental action on behalf
of the environment. EPA s goal, as it carries out theprovisions of the Federal Water Pollution
Control Act of 1972, is to abate and control pollution systematically by proper integration of a
variety of research, monitoring, standard setting, and enforcement activities. As a complement
to its other activities, EPA coordinates and supports research and anti-pollution activities by state
and local governments, private and public groups, individuals, and educational institutions.

As one of its responsibilities, EPA, along with other Federal agencies, comments on the
activities of the U.S. Army Corps of Engineers relating to dredging in navigable waters in

accordance with the provisions of the Fish and Wildlife Coordination Act and other interagency
agreements.
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The Federal Water Pollution Control Act of 1972 establishes for the US. Army Corps
of Engineers the authority to issue permits, after public notice and opportunity for public hearing,
for disposal of dredged material in specified areas. The Corps is, therein, authorized to issue
permits for the discharge of dredged or fill material into navigable waters at disposal sites which
have been identified as a result of the application of guidelines developed by EPA in conjunction
with the Corps. It should be noted, however, that disposal sites may be designated by the Corps
of Engineers irrespective of the guidelines whenever such designation is made on the basis of
economic impact on anchorage and navigation. The Environmental Protection Agency is, however,
provided by the Act with a veto power over the Corps designation of any disposal site which may
have an adverse effect on aspects such as municipal water supplies, shellfish beds, fishery areas,

wildlife, or recreational areas.

2.1.3

'

Other Federal Agencies

The Fish and Wildlife Service of the US. Department of the Interior assists with the
surveillance of navigable waters to detect unauthorized discharges of harmful pollutants, escape
of harmful pollutants from non-point and fixed upland sources, spills of oil and hazardous
substances, and other water pollution sources endangering fish and wildlife or their uses. In
cooperation with the EPA, Corps, and Coast Guard, the Service reports to the responsible
regulatory agency water pollution situations it considers harmful to environmental and
human-use values and otherwise assists and supports Federal actions against violators of the
Federal Water Pollution Control Act and the Marine Protection, Research, and Sanctuaries Act of

1972.

2.1.4

State Agencies
ln addition to the Federal control exercised through the US. Army Corps of Engineers,

each of the Great Lake States has some means of controlling activities of a dredging or
construction nature on waters within the State s jurisdiction as further discussed in 2.2.2. This
control technique varies by State. Indiana, for example, requires submission of a dredging plan
to its Stream Pollution Control Board for approval prior to initiation of the activity. The Board
reviews the application and often makes recommendations for project modification. The plans are
also required to be submitted to the State Department of Natural Resources for approval. The
state-adopted water quality standards are used by the Pollution Control Board as the criteria

against which the activity is judged. The scope of the review of the Department of Natural
Resources is, however, much broader.

Minnesota, New York, Michigan and Ohio each have a defined permit program for work
in navigable waters. Permits must be obtained from the appropriate state agency prior to
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initiation of any work. Permits may include terms and conditions with respect to the amount and
manner of operation and construction or other controls as is deemed reasonable to protect
environmental values.
in addition to each state s specific requirement for work in navigable waters, the
projects of the Corps of Engineers are routinely evaluated and commented upon by agencies of
the affected state. This process begins at the project authorization phase as Congress considers
funding and continues through to the reviews of any environmental impact statements that may
be prepared prior to project initiation.

2.2

U.S. LEGISLATION AND REGULATIONS

The federal system used to control dredging and other work in the navigable waters
of the United States is composed of three elements: legislative acts that express the intent of the
Congress; regulations (published in the Federal Register) which implement the legislation with a
workable administrative program; and criteria and/or guidelines that are developed to expand or
delineate requirements in the acts and regulations. Each successive step is more explicit
regarding procedures.

2.2.1

Federal Laws

it is important to note the following definitions as used herein. A standard is an
authoritative rule, principle, or measure used to determine the quantity or extent of pollution. it
should be noted also that, although a standard is official or quasi-legal, it is based on the best
scientific knowledge and engineering practice available at the time of its formulation.
A criterion is a reference on which a decision or judgement to support a particular
water use may be based. It can be quantitatively evaluated by existing analytical tests. A criterion
differs from a standard in that it has no connotation of authority, but rather is a yardstick of water
quality. A guideline is an outline of policy.
Currently, there are seven Acts of Congress that may have a direct impact upon the

findings, conclusions, and recommendations that are contained in this report. In chronological

order, they are:
the River and Harbor Act of 1899 (33 U.S.C. 401) which regulates dredging and construction in
navigable waters; the River and Harbor Act of 1902 (33 U.S.C. 565) which regulates dredging that
may connect to, or be in the area of, a Federal project; the Fish and Wildlife Coordination Act of

1956 (16 U.S.C. 661) which requires, among other things, that any control or modification of any

body of water be coordinated with the US. Fish and Wildlife Service and the appropriate State
agency; the National Environmental Policy Act of 1969 (42 U.S.C. 4321) which requires agencies

of the Federal Government to give appropriate consideration to unquantifiable environmental
amenities and values in addition to technical and economic evaluation; the River and Harbor Act
of 1970 (33 U.S.C. 1165 (a)) which authorized (Section 123) the Chief of Engineers to construct,
operate, and maintain contained disposal facilities in the Great Lakes basin having sufficient

capacity not to exceed ten years; the Federal Water Pollution Control Act Amendments of 1972

(33 U.S.C. 1251) that call for a permit program (Section 404) to regulate the discharge of dredged
and fill material and a permit program (Section 402) known as the National Pollutant Discharge
Elimination System (NPDES) to control discharges of solids and liquids that may pollute
sediments (Section 115 of these amendments authorized $15 million for the identification and
removal of in-place pollutants with emphasis on toxins in harbours and navigable waterways);
and, finally, the Marine Protection Research and Sanctuaries Act of 1972 (PL. 92-532, HR 9727)

that provides for monitoring and research regarding the effects of dumping material into the Great
Lakes or their connecting waters (Section 201) and for the establishment of lacustrine/ marine

sanctuaries (Section 302) in the same waters.

Regulations (33 CFR, Part 209) have been promulgated by the US. Army Corps of
Engineers to implement the provisions of the River and Harbor Acts of 1899 and 1902. Regulations
covering Section 404 of the Federal Pollution Control Act Amendments of 1972 are at this writing
under development. The Environmental Protection Agency has promulgated regulations (40 CFR,

Part 125) delineating the policies and procedures required for the National Pollutant Discharge
Elimination System (Section 402 of the FWPCAA). These constitute interpretation of the law and

are enforceable in appropriate US. courts.

Guidelines have

been published (40 CFR, Ch. V) by the Council of Environmental

Quality (CEQ) specifying the format and substance of Environmental Impact Statements which

are required prior to the initiation of any Federal project. The Bureau of Sport Fisheries and
Wildlife has prepared a manual to be used by its regional offices in reviewing applications for
Section 402 permits, as required by the CEQ regulations. EPA, in conjunction with the Corps, is
developing regulations for evaluating dredged materials and proposed disposal sites. Effluent

limitation guidelines are being developed by EPA for incorporation into the NPDES program to

control and eventually eliminate pollutants from industrial and municipal discharges. Only where

specific values or controls are specified and applied are guidelines considered to be criteria
or

standards .

Figure 2A illustrates the procedures involved in processing an application for a permit

to dredge in navigable waters of the United States.
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2.2.2

State Laws
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Rules and regulatory procedures vary between states and within states, but all provide
for control of dredging operations to ensure that damage is not done to other natural resources.
tal
For example, in New York, dredging is regulated by the Department of Environmen
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Conservation Law of New York:
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limited to, earth clay, silt, sand, gravel, stone, rock, shale, concrete (whole or fregmentary),
Nothing
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Environmental Conservation or the general powers and duties of the

relating to canals or the general powers and duties of the Department of Environmental

Conservation relating to flood control.
A person or local public corporation desiring to make such excavation or fill shall make
2.
such
application to the department setting forth the character and extent of the work proposed and
by
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be
shall
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applicatio
other information as the department may require. The
work.
proposed
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drawings, plans and specifications showing the location and details
The department, before granting such permit shall ascertain the probable effect on the
3.
and the
use of such waters for navigation, the health, safety and welfare of the people of the state
resources
aquatic
and
fish
water,
forests,
soil,
including
state,
effect on the natural resources of the

therein, likely to result from such channel excavation or fill.
The department shall review plans and may grant such permit, or may in the issuance
4.
against
of such permit prescribe modifications of such plan in order to safeguard life or property
danger or destruction and to make such navigable waters safe for use by the public, or it may refuse
such permit.
The provisions of this section shall be in addition to and shall not affect or replace the
5.
provisions of section 15 0501 requiring a permit for the alteration of certain streams or the removal
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of sand, gravel or other material therefrom, except that the department may by regulation provide
that only one application for permit need be filed in case the relief sought pertains to work in such
streams which are also navigable waters of the state.
In addition to the foregoing, special aspects such as arise in the case of dredging to
provide an inlet or outlet for a power plant, the New York Public Service Law, Art. VIII could be
applied to require consideration of environmental impacts of both the dredging operation and the
proposed disposal of the dredged material.
In Indiana, it is the policy of the Stream Pollution Control Board to require plans for
dredging projects to be approved by the Board prior to the start of the project to verify that all such
projects are in keeping with the Water Quality Standards for the waters of the State. In approving
plans for dredging operations, the Board recommends that dredgings be treated in the most
practicable manner, including adequate settling and skimming. The Board also recommends that
larger projects utilize a cutterhead suction dredge instead of a clamshell. Subsequent to the
Board s approval, approval must also be obtained from the Indiana Department of Natural
Resources.
Dredging activities are regulated by the Minnesota Pollution Control Agency in
accordance with the laws relating to the Minnesota Pollution Control Agency, Chapters 115 and
116, Statutes, 1971.
Ohio s activities concerning dredging in the Lake Erie basin involve two broad areas.
The first is to review and comment upon environmental impact statements submitted by the
Corps of Engineers. These impact statements discuss probable environmental changes either as
a result of Corps activity in dredged material disposal from certain Lake Erie ports or in
construction of holding facilities for other ports. Primary response to such statements comes from
the Ohio Department of Natural Resources and Ohio Environmental Protection Agency. Much the
same type of review is given to Section 10 projects, where private corporations or individuals
apply to the Corps for permission to perform dredging operations.
A permit system is also employed by Ohio for commercial operations involving removal
of sand and gravel from the bed of Lake Erie. This system is discussed in Sec. 1505.07 of the Ohio
Revised Code. The most recent modifications have been in effect since October, 1972. Some
relevant excerpts of Section 1505.07 are:
the Director of Natural Resources, with the
approval of the Director of Environmental Protection, the Attorney General, and the Governor, may
issue permits and make leases to parties making application, for permission to take and remove
sand, gravel, stone . . . and other minerals or other substances from and under the bed of Lake Erie,
either upon a royalty or rental basis, as he deems best for the State... Such permits shall be issued
for terms of not less than one (1) year nor more than ten (10) years, and such leases shall be for
a term of years or until the economic extraction of the mineral or other substance covered thereby
has been completed. Such taking and removal shall be within certain fixed boundaries that do not
conflict with the rights of littoral owners.
No person shall remove sand, gravel, stone, or other

minerals or other substances from and under the bed of Lake Erie without first obtaining a permit

or lease therefor from the Director.
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Great Lakes
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2.3

CANADIAN AGENCIES
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During 1974 the Federal Department of Environment instituted administrative

procedures for the environmental review and assessment of Federal activities, including dredging,

to ensure, that projects procedures and activities in which the Government of Canada has an
interest are subject to an environmental assessment and that the findings of such assessments
result in designs and procedures which protect or enhance the natural environment. In a Cabinet

decision of December 20, 1973, the Government directed all departments and agencies:

(1) to take environmental matters into account throughout the planning and implementation of
projects, programs and activities that are initiated by a department or agency, or for which federal
funds are solicited or for which federal property is required; (2) to undertake or procure an
assessment of potential environmental effects on time before commitments or irrevocable decisions
are made for all projects which may have an adverse effect on the environment; (3) to submit the
assessments made for all major projects that will have a significant effect on the environment to
the Department of the Environment for review; (4) to incorporate the results of environmental
assessments and reviews in the design, construction, implementation and operation of projects,
giving environmental problems the same degree of consideration as that given to economic, social,
engineering and other concerns; (5) to include in program forecasts and annual estimates the funds
necessary to carry out the intent of this policy and program.
The Government has invited proprietary crown corporations and regulatory agencies to participate
in the environmental assessment and review process. The Minister of Environment is required by
Cabinet directive to develop procedures for the implementation of these policies and to establish
a procedure for cooperation with provinces and territories in undertaking assessments on

projects of mutual concern. Specifically the Minister of Environment, in cooperation with other

Ministers, has been instructed to establish:
(1) a procedure for administering the
environmental assessment and review process including arrangements for the public to comment
on the environmental issues, with provision for public hearings when appropriate; (2) an
Environmental Assessment Panel consisting of qualified personnel from within the Department of
the Environment, with arrangements for the appointment of a member of a department whose case
is under review, for the period of that review; (3) in special cases, an Environmental Review Board
external to the government service; (4) a procedure for cooperating with provinces and territories
in the undertaking and reviewing of environmental assessments of projects of mutual concern.

During 1974 the Department of Environment introduced the Environmental Assessment and

Review Process (EARP) thereby providing for the administrative co-ordination of environmental
matters in all federal programs and activities as well as in projects for which federal funds or
property are required.

The EARP procedure adopted for DPW projects is illustrated in Figure 2-8. Within the Ontario
region, the procedures being adopted involve the provincial authorities through formal linkages
to provide advice and secure consultation. The Province of Ontario, in a recent green paper" on
environmental policy, has indicated its intent to establish, through legislation, its own
environmental review procedures. It is anticipated that the federal regional procedures will be
adjusted to coordinate review action on projects and programs of interest to both the provincial
and federal authorities. At the federal level an Interdepartmental Committee on the Environment
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has been established which will review the EARP procedures periodically and recommend
administrative and procedural changes as may be appropriate.

2.3.2

Provincial Agencies

The Ontario Ministry of the Environment (MOE) is responsible for broad aspects of air,
land pollution abatement control. In carrying out its responsibilities, the MOE
and
water
administers a number of key acts of the Province including the Environmental Protection Act and
the Ontario Water Resources Act. The MOE further advises other provincial agencies including the
Ministry of Natural Resources, the Department of Health and local conservation authorities
regarding proposed dredging and disposal activities and coordinates the views and
recommendations of the several agencies concerned in review processes with the project
proponent and executing agencies. The Ministry has issued its own guidelines concerning
acceptable dredging and disposal operations.

2.4

CANADIAN LEGISLATION

This section describes the major legislative tools which are available under Canadian
and Ontario laws to control dredging in the Great Lakes. Although there are a number of statutes
which provide for a variety of controls over dredging, the Navigable Waters Protection Act
exercises the direct federal jurisdiction over navigation and dredging of navigable waters. Several
Ontario statutes indirectly exercise controls over dredging through provincial jurisdiction over
water resources and land use. Other federal legislation such as the Harbour Commissions Act, the
National Harbours Board Act, the Public Works Act, the Fisheries Act and the Migratory Birds
Convention Act can also be used to exercise certain controls over dredging.
The distribution of legislative powers between the Federal Government and the
Provincial Governments is found in Sections 91 and 92 of the British North America (BNA) Act.
Section 91 of the BNA Act gives exclusive legislative authority to the Parliament of Canada over
certain classes of subjects including navigation and shipping.

Under Section 108 and the Third Schedule of the BNA Act the transfer by the provinces
to the Federal Government of all canals, public harbours, lighthouses, piers, steamboats, dredges,
public vessels and river and lake improvements at the time of Confederation further emphasized
that dredging was specifically intended to come within federal jurisdiction under the navigation
and shipping class of subject matter.
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Section 92 of the BNA Act gives the provincial legislatures exclusive jurisdiction over

property and civil rights. Under Section 109, the Province of Ontario was given control and

ownership of crown lands in Ontario. These sections give the Province control over natural
resources including land, air, water and land under the water. It is through the very broad power

over property that the Province has direct jurisdiction over all resources and thus some indirect

control over dredging.

None of the provincial statutes reviewed by the Working Group contain any direct
reference to dredging although the Province is not precluded from enacting legislation that
specifically refers to dredging. However, because the disposal of dredged material is an integral
part of the dredging operation it is difficult to regulate it under the property and land use
jurisdiction without risk of encroaching on federal jurisdiction over navigation. It is important to

note that in the above-mentioned Provincial Acts there is no attempt to control the dredging itself,

but rather the removal and disposal of the dredged material as it relates to water pollution and
land use which are clearly matters of provincial jurisdiction. None of these statutes specially refers
to dredging, but rather to the disposal of any material regardless of its origin or the removal of
material from beaches.
Municipalities may also have by-laws controlling land use that could affect the disposal
of dredged material.

2.4.1

Navigable Waters Protection Act
The Navigable Waters Protection Act (R.S.C. 1970 Chapter N-19) is one of the statutes

through which the Federal Government has exercised its jurisdiction over navigation and is
designed to protect water, as defined in the Statute, by prohibiting the building or placement of
any work in, upon, over, under, through, or across a navigable water without the approval of the
Minister of Transport. According to the Act, work includes
any dumping of fill or excavation
of materials from the bed of a navigable water.
Generally the Act can control dredging and

dumping but this could

circumstances.

result from different sections of the Act depending on

the

An approval granted by the Minister in respect of a work and the site and plans
pursuant to this Act is only an authorization to interfere with the public right of navigation to the

extent of the work for which site and plans have been approved. The approval of the Minister is

not an approval for construction nor an authorization in respect of any statute, regulation or
bylaw, federal, provincial or municipal which may require some other form of authorization in
respect of construction, land use, noise, weed or pollution control, zoning or like matters; nor does
such approval of the Minister vest in the recipient any title, easement, restriction or other property
rights in respect of the land on which the work is to be placed or in respect of any property
adjacent to or in the vicinity of the work.
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Section 5 requires thatthe work and the site and plans thereof be approved by the
Minister. If a person did not obtain approval before starting construction as required by
subsection 5 (1), the Minister could order the work to be removed or altered or stop further
construction. Failure to comply with such an order would make an owner or person liable on
summary convictions to a fine not exceeding five thousand dollars. Subsection 6 (4) provides for
late approval when the construction is already started or completed before the applicant applies
for approval. There is an extra fee of one thousand dollars for making a late application under
Section 6.
Section 5 does not apply to any work (except in the case of a bridge, boom, dam or
causeway) that in the opinion of the Minister does not interfere substantially with navigation.
However, even if a work such as dredging is exempt under subsection 5(2), at least the appropriate
government departments can be informed of the proposed dredging when the applicant applies

for the exemption.

It should be emphasized that the Act is only applicable where the water in question is
navigable. Whether a particular water is navigable water is a matter of fact and must be decided
on a case-by-case basis. Dredging could take place in non-navigable waters, but this would be

uncommon.

in recent years, the Ministry of Transport has adopted the practice of referring

applications under the Navigable Waters Protection Act to various federal and provincial

authorities who might be concerned with environment, land use and other matters affected by

dredging. In most cases, the Ministry obtains the concurrence of these government agencies
before issuing an approval under Section 5 of the Act. The Minister may issue an approval upon
such terms and conditions as he deems fit. Recommendations relating to the environment and
other government agencies have been included as terms and conditions on a few occasions.
However, as the Ministry of Transport could be placed in an unfavourable legal position, an
approval may be issued even though some authority has objected for reasons other than the
protection of navigation, and a covering letter issued advising that the guidelines and approvals

of other agencies may apply.

2.4.2

The Harbour Commissions Act
The Harbour Commissions Act, Chapter H-l of the Revised Statutes of Canada,

provides for the establishment of a harbour commission for any harbour in Canada that is not
named in the National Harbour Board Act, or for any harbour for which a harbour commission
has not otherwise been established by Parliament. Such a commission has the power to regulate

dredging within its harbour. However, Section 29 of the Harbour Commission Act recites
that, * any work undertaken by or on behalf of the Commission affecting the use of any
navigable water is subject to the Navigable Waters Protection Act.
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2.4.3

The National Harbours Board Act
The National Harbours Board Act, Chapter N8 of the Revised Statutes of Canada

provides the Board with jurisdiction over any harbours which may be transferred to the Board. The
Board has power to control dredging. Section 37 of the Act requires compliance with the Navigable
Waters Protection Act and both Ministers of Transport and Public Works must approve the works
jointly. There are also other federal acts that establish harbour commissions for particular

harbours and which, similarly, could control dredging.

2.4.4

The Public Works Act

Section 9 of the Public Works Act reads in part:
9.(1)
The Minister has the management, charge and direction of the following properties
belonging to Canada, and of the services in this section enumerated, namely:
(a)
the dams, the hydraulic works, the construction and repair of harbours, piers and works
for improving the navigation of any water, and the vessels, dredges, scows, tools, implements and
machinery for the improvement of navigation.
Section 37 of the Act reads as follows:
Whenever the Governor in Council, or the Minister charged with any work for the improvement
of navigation, directs any work to be performed in any navigable water for the improvement of the
navigation thereof, it is lawful for the officers or servants of Her Majesty or the contractors for the
work, under the direction of the Governor in Council or of the Minister, to enter upon, dig up, dredge
and remove any part of the bed of such navigable water, or to build or erect any works thereon, as
may be directed or authorized by the Governor in Council or by the Minister for the improvement
of the navigation,
Without this section the dredging by officers, servants or contractors of the Federal
Crown could result in trespass since the bed of a navigable water may be owned by the provincial

government or another person.

2.4.5

The Fisheries Act

Section 91(12) of the BNA Act gives the federal government jurisdiction over sea coast

and inland fisheries. In Ontario, and several other provinces, the Federal Government has

delegated to the province the administration of the Federal Fisheries Act.
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Subsection 33(2) is the general anti-pollution provision of the Fisheries Act and
states
no person shall deposit or permit the deposit of a deleterious substance of any type
in water frequented by fish
Deleterious substance is given a very broad meaning under
Subsection 33(11).
Section 33(1) prohibits the throwing overboard of ballast, coal ashes, stones, or other
prejudicial or deleterious substances in any river, harbour, roadstead, or in any water where
fishing is carried on. This section could in some cases be applied to dredging. Key elements in an
offence under this section are throwing overboard and where fishing is carried out. Section
30 states
the eggs or fry of fish on the spawning ground, shall not at any time be
destroyed.
Unfortunately, Sections 30, 33(1), and 33(2) are punitive rather than preventive in
nature. However, if the appropriate environmental authorities know of the proposed dredging,
they can advise the proponent on how to conduct the dredging without violating these
provisions.
Subsection 33(12) of the Fisheries Act is suitable for making regulations to control
continuous effluents from industrial sources. lt is unlikely that this section could be used to
develop any regulations to control dredging. Section 34 provides a general power to make
regulations for carrying out thepurposes and provisions of the Fisheries Act and in particular, but
without restricting the generality of the foregoing, provides the power to make regulations:
(b)
respecting the conservation and protection of fish;
(h)
respecting the obstruction and pollution of any waters frequented by fish;
(i)
respecting the conservation and protection of spawning grounds.
It should benoted that the power to make regulations does not include the authority
to delegate discretionary power to the Department which could control the manner in which a
dredging project is conducted. However, if a dredger was not willing to follow the advice of the
Department of the Environment, he could be reminded of the Department s power to prosecute
under the general provisions of the Fisheries Act if any pollution resulted from the dredging.

2.4.6

Migratory Birds Convention Act

Control over dredging might also be derived from regulations under the Migratory
Birds Convention Act. Section 51 thereof, states:
No person shall place, cause to be placed or in any manner permit the flow or entrance
of oil, oil wastes or substances harmful to migratory birds into or upon waters or upon
the ice covering such waters.
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2.4.7

Provincial Acts

Dredging may be affected by the following Ontario Acts which, in many circumstances,
could be applied indirectly to exercise significant control over a dredging activity:
i) Ontario Water Resources Act
ii) Environmental Protection Act
iii) Beds of Navigable Waters Act
iv) Public Lands Act
v) Conservation Authorities Act
vi) Beach Protection Act

vii) Public Health Act

viii) Lakes and Rivers Improvement Act

2.4.7.1

The Ontario Water Resources Act

The direct control of resources gives the Province jurisdiction over water and air

pollution and other environmental matters. Subsection 32(1) of the Ontario Water Resources Act

prohibits the discharge or deposit of any material of any kind into water that may impair the
quality of the water. This subsection gives the Ontario Ministry of the Environment authority to
require that the dredged material be disposed so that it does not pollute the waters. In practice,
the Ministry of the Environment advises by letter whether the material to be dredged may impair
the quality of the water and the water quality which should be maintained. The Ministry does not
issue a permit but rather advises the applicant what it considers acceptable within the terms of

the Ontario Water Resources Act.

2.4.7.2

The Environmental Protection Act

The Environmental Protection Act contains general provisions for the control of all
contaminants being discharged to any part of the natural environment. However, since in
application it is better suited to the control of continuous emissions from industry and
automobiles, the Ontario Water Resources Act is the more-appropriate provincial environmental
legislation to apply to dredging.

2.4.7.3

The Beds of Navigable Waters Act

The Beds of Navigable Waters Act recites that, with certain exceptions, the beds of
navigable waters, in the absence of an express grant of title, remain the property of the provincial

crown. In some cases the bed of the waterbody might be owned by the Federal Ministry of
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Transport or Department of National Defence and then application for acquisition of the land
would have to be made to the appropriate authority. Dredging operations are often done in
conjunction with other construction activities and in such cases it is necessary for an applicant
if other than a federal agency, to obtain title to the bed of the waterbody.

2.4.7.4

Public Lands Act

Whenever the bed of a waterbody in question is owned by Ontario, an appropriate

application for disposal should be made under the Public Lands Act (Revised Statutes of Ontario
1970, Chapter 81). Section 29 of the Act makes it an offence to deposit any material upon public
lands, whether or not covered by water, without the written consent of the Minister or authorized
officer. Section 45 allows the Minister to sell, lease, or issue a licence of occupation in respect to
public lands covered with water.

2.4.7.5

The Conservation Authorities Act

Section 27(1) of the Conservation Authorities Act gives conservation authorities
considerable power to control waterways within their jurisdiction. This Section states in part:
Subject to the approval of the Lieutenant Governor in Council, an authority may make
regulations applicable in the area under its jurisdiction
(a)restricting and regulating the use of water in or from rivers, streams, inland lakes,
ponds, swamps, and natural or artifically constructed depressionsin rivers or
streams;

(b)prohibiting or regulating the straightening, changing, diverting or interfering in any
way with the existing channel of a river, creek, stream or watercourse;
(c)regulating the location of ponds used as a source of water for irrigation;
(d)providing for the appointment of officers to enforce any regulation made under this
section;
(e)prohibiting or regulating the construction of any building or structure in or on a pond
or swamp or in any area below the high water mark of a lake, river, creek or
stream;

(f)prohibiting or regulating the placing or dumping of fill of any kind in any defined part
of the area over which the authority has jurisdiction in which in the opinion of the
authority the control of flooding or pollution or the conservation of land may be
affected by the placing or dumping of fill.

Any regulations made under Subsection 27(1) (f) would substantially affect any
dredging project within an established conservation area.
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2.4.7.6

The Beach Protection Act

The Beach Protection Act controls the removal of sand and gravel from the bed, bank,
beach, etc., of waterbodies. This Act is intended to protect beaches and the property rights that
the province has in such sand and gravel. Section 3 prohibits any person from carrying away or
removing by dragline or other mechanical device any sand from a bed, bank, or shore unless the
person has a licence. Section 9 provides the power to make regulations to prohibit or restrict the
removal of sand from the shores of Lakes Ontario, Erie and Huron. The Act is not intended for the
control of dredging for the purposes of navigation, but could do so indirectly.

2.4.7.7

The Public Health Act

Section 95a of the Public Health Act places certain controls on waste disposal which
could include dredged material. Subsection 95a(11) prohibits disposal of wastes without a

certificate. A medical officer of health may order the removal of wastes if the disposal was not
approved. This section could be applied to the disposal of dredged materials that are
contaminated particularly if they are to be disposed of in a populated area. The disposal of such
material could be controlled by requiring a certificate of approval under the Waste Management
Act.

2.4.7.8

The Lakes and Rivers Improvement Act

Section 10 of the Lakes and Rivers Improvement Act prohibits construction of a dam
on any lake or river until both the location of the dam and its specifications have been approved
by the Minister of Natural Resources. A dam is defined in general terms as a work forwarding,
holding back or diverting water. The Act is not intended to control dredging for navigation
purposes but can be used to prevent or regulate stream diversions and therefore may exert control

over related dredging activities.
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3.0

3.1

DREDGING PURPOSES, EXTENT AND
PRACTICES

PURPOSES OF DREDGING
Dredging is a process by which sediments are removed from the beds of river channels,

lakes and harbours and disposed of elsewhere in a manner that is compatible with the dredging
purpose and requirements. The common purposes for dredging are;
to maintain, improve or extend navigable waterways,
- to create, maintain or improve harbour facilities,
to extract resource materials [including gravel, sand and
shellc; for construction materials or to create additional
land, and
to remove undesirable materials from an aqueous
environment.

3.2

EXTENT OF DREDGING ACTIVITIES

Dredging for all purposes within both US. and Canadian portions of the Great Lakes
totalled some 67 million cubic metres during the period 1966 through 1972. The U.S. dredging
activities account for 79 percent of the total.

3.2.1

Canadian Dredging

Aggregate Canadian dredging activities for the seven-year period 1966-1972 are
summarized according to dredging purpose in Table 3-1. It may be noted that in recent years, both
in Canada and the United States, the level of dredging activities has been less than forecast. This
has resulted from administrative delays imposed to allow for environmental assessment and
modification of many proposed projects. During these years lake levels have remained above

normal, so that the delays imposed have not resulted in significant lessening of the draft affecting
navigational interests. However, the deferral of much of the normal annual maintenance dredging
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is only temporary. The data of dredging activities for the seven-year period prior to 1973 as
presented herein, provide a representative indication of continuing long-term requirements.

TABLE 3 1

CANADIAN DREDGING ACTIVITIES IN THE GREAT LAKES
Total Volumes Dredged (1966 1972)

(Quantities in 1000 m3)

PURPOSE

LAKE
WELLAND LAKE
ONTARIO CANAL
ERIE

COMMERCIAL

7,528

RECREATIONAL

11

FISHING

MININGi

LAND
RECLAMATION

1 , 155

LAKE
HURON

LAKE
TOTAL
SUPERIOR

1,575

276

155

15

44

139

209

17

116

99

322

DETROIT
ST. CLAIR

599

50

117

1,540

178

1,099

2

169

*Volumes of dredging for mining purposes are for the period 1970 1972 inclusive
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12,229

The geographic distribution of major Canadian dredging activities is illustrated
according to purpose on the maps of the tour lakes located partly in Canada that are presented
as Figures 3 A to 3-D inclusive. Lake Ontario requires the greatest attention, accounting for 60
percent of all navigational dredging and 30 percent of mining and land reclamation in the
Canadian Great Lakes. Hamilton and Toronto Harbours together account for over 94 percent of
the Lake Ontario navigational dredging. Canadian dredging in Lakes Erie and Huron and their
connecting channels is fairly evenly distributed geographically whereas the dredging at Thunder

Bay accounts for almost all of the Canadian activity in Lake Superior.

Over 82 percent of all Canadian dredging carried out on the lakes is in support of
navigation and consists primarily of dredging approach channels and basins in commercial
harbours. Although widespread throughout the lakes, dredging for recreational purposes and
fishery ports makes up a very minor portion of the total activity. Sand and gravel mining from the
lake beds represents about 17 percent of the total Canadian dredging in the lakes, while land
reclamation accounts for approximately one percent.
The bulk of the Canadian lakes dredging is currently being carried out by ten major
dredging contractors. However, because of the great variability in demand, not all of these firms
maintain dredging plant on the lakes at all times. To meet occasional peak requirements the
available capacity is supplemented with additional plant drawn primarily from contractors located
in the lower St. Lawrence River area.
A 1973 survey indicates that, over the past several years, as many as 39 dredges, 37
tugs, and 86 scows have worked on the Canadian portion of the lakes providing employment for
approximately 750 persons and wages of up to $4 million annually. In addition, there are four
companies in Canada engaged in the mining of sand and gravel from the lakes.

3.2.2

United States Dredging

On the U.S. side of the Great Lakes dredging activities are distributed geographically
as shown in Figures 3A, 3-B, 3-C, 3-D, and 3-E, and the level of activity, by lake and purpose,
summarized in Table 32. By far the greatest amount of dredging is undertaken in Lake Erie which
accounts for 65 percent of all US. Great Lakes navigational dredging and all mining dredging. The
harbours at Cleveland, Toledo, Buffalo, and Sandusky account for 54 percent of the navigational

dredging on Lake Erie.

Over 89 percent of all dredging done is undertaken in support of navigation at the
many harbours and in the connecting channels throughout the Lakes. Dredging quantities at
recreation harbours, harbours of refuge and fishing ports in aggregate constitute a minor portion

of the foregoing. Sand and gravel mining from the lake beds accounts for the remaining 11
percent of total US. dredging in the Lakes.
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LAKE

DREDGING

O NTARIO

AVERAGE ANNUAL

ACTIVITIES

QUANTITIES

(Thousands Cubic Meters)

NAVIGATION

Total -

{gig MINING
Total

1,832

(1,000 cubic meters)

99

(1,000 CUblC meters)

Oshawa Area
23.7
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3.3

DREDGING PLANT AND PRACTICES
The dredging process involves four basic actions:
- loosening or dislodging of the material to be removed,
- excavation and lifting to the water surface,
- transportation to a disposal site, and
- disposal.

The loosening or dislodging action is by mechanical penetrating and grabbing, raking
or cutting, drilling and blasting, or hydraulic scouring. The lifting action is accomplished by
vertical hoisting utilizing cables or hydraulic power, by inclined hoisting employing an endless-belt
principle or by hydraulic suction. The transporting is done by pipelines, scows, hopper dredges,
trucks, or by overcasting. The disposal function of the operation is accomplished by discharging
from a pipeline, dumping from trucks, bottom dumping or by pumping out of scows or hoppers.
In some hydraulic dredging operations the four actions are carried out continuously and
concurrently by a single piece of equipment while other methods employ two or more units and
perform the several actions separately and intermittently.
Dredging plant and practices have been developed over time to achieve maximum
economic returns through output optimization with little regard having been given to
environmental concerns. Thus the type of equipment used and the method adopted to perform
a dredging operation in the most efficient and economic manner has traditionally been selected
on the basis of the following factors:

the classification of the material to be dredged,
the physical environment at the dredging site,

the dredging depth,
the location and nature of the dredged-material disposal site, and
the availability of suitable dredging plant.

However, since it is now recognized that dredging operations can have an adverse
environmental impact, particularly when it is necessary to excavate and dispose of grossly
contaminated sediments, the various aspects of environmental concern reviewed in this report will
in future need to be considered when selecting plant and operating procedures.
Unfortunately, there are few actual experience data upon which to base analytical
evaluations of the environmental effects of dredging. Neither is there much comparative
information available for assessing the relative performance of different types of dredging

equipment in environmental terms. It is apparent from visual observations of turbidity in the area

of dredging operations that losses of fine materials take place during excavation. One measure

of the extent of disturbance caused would be indicated from the percentage loss of such fine
materials but direct determination of such data is scarcely practical. Since different types of
dredging plant have vastly different operating characteristics, even the comparative effects

between them are difficult to establish. A modern cutter-suction dredge, which may handle up to
3,000 m 3per hour, cannot be compared directly with a 3 m 3clamshell dredge operating efficiently
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at a production rate of 120 m3per hour. Which will result in the greater aggregate loss of fines is
not really known.
Maintenance dredging projects usually deal with recent accumulations of sediments
which may have beencontaminated. They are more likely, therefore, to give rise to adverse and
intense short-term pollutional effects than would capital works projects. The latter normally
involve significant physical changes to bottom site geometry which induce long-term influences in
the environs of the dredging site. Any dredging operation may impose a combination of both short.

and long-term environmental impacts at the dredging site as are more fully discussed in Section
5.4.

Comparison of the operating cycles and procedures for the various types of dredging

plant used in the Great Lakes is of interest insofar as it is possible to distinguish differences in

impact intensities which relate to specific types of equipment and particular operating practices.
The choice of dredging plant generally has less influence upon long-term dysfunctional effects,
although some may be inferred from changes in bathymetry and substrate disturbances which
can be related to typical dredging operations.

3.3.1

Dredging Plant

Dredging plant is broadly categorized as mechanical, hydraulic or pneumatic
equipment. As the designation implies, mechanical dredges accomplish the digging of bottom
sediments through the direct application of mechanical force to dislodge and remove the material.
Most mechanical dredges deliver the dredged material into scows for transportation to the
disposal site. Specialized mechanical dredges include the dipper dredge, the bucket ladder dredge
and the grab or clamshell dredge all of which are used extensively in the Great Lakes
waterways.
Hydraulic dredges operate on the principle of the centrifugal water pump. The pressure
difference across the impellor creates a water velocity sufficient to transport a slurry of the
material being dredged through a pipeline for deposit at the disposal site. Mixtures containing 15
to 20 percent of material by volume are usual. Suction dredges, hopper dredges and cutter-suction

dredges are examples of hydraulic plant utilized in the Great Lakes.

Pneumatic dredges are a recent, European-patented innovation and have not yet been
introduced into North America. The dredge operates on compressed air and hydrostatic pressure
and is reported to be capable of entraining mixtures of material and water containing up to 60
percent solids by volume.
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3.3.1.1

Mechanical Dredging Plant

3.3.1.1.1

Grab or Clamshell Dredges

The grab or clamshell is the most commonly used mechanical dredging plant in the
Great Lakes fleet with application to a wide range of maintenance and new-work projects. It may
be used to excavate all types of materials except for the most-cohesive sediments and solid rock.
Grab and clamshell dredges are frequently employed for maintenance dredging operations and
are particularly adapted to operating within confined areas and where close control of position
and depth is essential to avoid undermining the foundations of marine structures. The excavation
is accomplished as an intermittent operation and results in a somewhat irregular and disturbed

bottom surface.
In practice, the clamshell usually excavates a heaped bucket of material. During
hoisting, drag forces wash awaypart of the load and once the bucket clears the water surface
additional losses occur through rapid drainage of entrapped water and slumping of the material

heaped above the bucket rim. The bucket may be inadvertently prevented from fully closing by
random pieces of timber, large roots, boulders or rubble fragments, and if it remains ajar, much
of its load may be lost during hoisting. Losses of material throughout the process are also
influenced by the fit and condition of the bucket and the hoisting speed, and can vary widely

between different types of material. Even when fully closed, substantial losses of loose and fine

sediment can occur.

3.3.1.1.2

Hydraulically-operated Clamshell and Backhoe Dredges

A modification of the grab dredge, the hydraulically-operated clamshell and backhoe
dredges are essentially land-based excavators that are particularly useful for near-shore
operations. They have the advantages of providing controlled penetration of sediments
independently of bucket weight and of short operating cycles but, on the other hand, have limited
depth capabilities. Backhoes dredge in the backwards direction but, by reversing the bucket, can

be used as hydraulically-operated dipper dredges. (See Section 3.3.1.1.4.)

3.3.1.1.3

Dragline Dredges

Usually operated also from a land site, the dragline dredge is basically a crane
equipped with a suitable drag bucket. A long boom or deadman post is used to swing the bucket
into place over the sediments to be excavated where it is released and sinks to the bed. It is then

dragged along the bottom back to the disposal site at which the crane is located. Such dredges
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can also be operated from barges in which case the bucket is raised and the material dumped into
an adjacent scow. Dragline dredges tend to displace much more material than they excavate in
each digging cycle.

3.3.1.1.4

Dipper Dredges

Dipper dredges are capable of exerting great mechanical effort and hence find
application in the sub aqueous excavation of soft or broken rock and dense sedimentary deposits
such as boulder clay and glacial till. Unlike the grab dredges, the bucket is firmly attached to a
long boom and is forced into the material to be removed. To increase the digging power, the
dredge barge is suspended on powered spuds that transfer the weight of the front portion of the
vessel to the river bed.
The violent action of this type of dredge causes considerable disturbance during

digging and there is also a significant loss of material from the bucket as it is raised. However,
such losses are almost inevitable in dredging the dense, cohesive sediments for which such plant
is primarily utilized.

3.3.1.2

Hydraulic Dredging Plant

3.3.1.2.1

Plain Suction Dredges

This is the simplest form of hydraulic dredge and is used primarily for excavating
freely-flowing materials. The dredge consists essentially of a barge-mounted centrifugal pump and
a pipeline. Materials from the bottom are drawn up through the suction line and discharged into
a scow or to a nearby disposal site. Plain suction dredges are commonly used for sand mining,
sand bypassing, beach restoration, general river channel maintenance, and scow unloading.

3.3.1.2.2

Trailing suction Hopper Dredges

The trailing-arm hopper dredge is a plain suction dredge mounted on a self-propelled
vessel instead of on a barge. The suction intake pipe is dragged along the bed of the area to be

dredged as the vessel is moved forward at speeds of up to 5 or 6 km/h and the dredgings

discharged into hoppers located in the hull. Pumping normally continues until an economic load
has been accumulated in the hoppers. in the process, excess water containing a proportion of the
finer constituents of the material being dredged overflows the top of the hoppers and returns to
the waterbody.
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Although at near-shore locations the dredged material can be pumped ashore, the
principal value of the dredge is that it is self contained, and can therefore operate well away from
the material disposal site with minimum disruption to navigation. While specifically designed

dragheads can be used for raking hard materials, the dredge is particularly efficient for excavating
loose, cohesionless materials.
Where open-water disposal of the dredged material is permitted, the vessel turns

slowly across the disposal site as the hoppers are opened for bottom dumping. Many hopper
dredges have been modified in recent years to provide for direct pump-out to an on-shore disposal

area.

About 75 percent of the Great Lakes maintenance dredging in the United States has

been performed with hopper dredges belonging to the Corps of Engineers. They are not common
in the Canadian fleet.

3.3.1.2.3

Cutter-suction Dredges

An improved version of the plain suction dredge, the cutter suction dredge is equipped
with a powered cutterhead at the intake to break up dense material and create a slurry that can
be more readily transported. The largest units can excavate up to 3,000 m3 per hour and deliver
the material to a disposal site through 3,000 m of pipeline. Booster pumps can be installed in the
discharge line to allow continuous transport over greater distances.
To assist in the dredging action, two spuds are provided at the stern of the dredge and
swinging cables are used to pivot the vessel about either spud, thus controlling movement of the
intake into the material being excavated. The intake and cutterhead are attached to a rigid-frame
ladder that is pivoted about the front of the barge for control of dredging depth.
Cutter-suction equipment is the most-widely used hydraulic dredging plant in the Great

Lakes Canadian fleet. lts range of characteristics, both in unit capacity and adaptability to
different classes of material, make it a most versatile dredge. Cutterheads have rotation speeds
ranging between 5 and 40 rpm but are commonly operated at 15 to 25 rpm in the Great Lakes

waterways. DC-drive motors are used in some dredges to provide for continuously variable speed
control. While this feature is not widely available, instances have been noted when production was

improved by an ability to decrease the rotational speed of the cutterhead in loose sandy material.

Different types of cutterhead are used to dredge materials ranging from very fine-grained

sediments to soft rock.

3.3.1.2.4

Dustpan Dredges

Although similar in configuration to a cutter-suction dredge, the basic dustpan dredge

provides for agitation of the sediment by powerful, high-pressure water jets distributed over the
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length of the dustpan head. During operation, anchors are placed upstream of the dredging area
and the vessel is pulled along by reeling in the anchor cables. Because of the wide head
configuration, it is possible to obtain a higher solids content in freely-flowing materials than with
other hydraulic suction plant. While the practice of letting no doubt improves efficiency, a side
effect is the considerable resuspension of fine-grained materials that escape from the suction
head.

3.3.1.3

Pneumatic Dredging Plant

The Pneuma System dredge has recently been developed in Europe but has not yet
been introduced into North America. The equipment which usually consists of a cluster of three
large diameter air-operated pump chambers discharging via pipeline, operates through positive
displacement action. Pneuma equipment has particular application to mining-type operations in
freely-flowing material and is capable of operating in very deep water. Observations indicate
considerable variability of loading, although slurry concentrations averaging between 30 and 40
percent solids content are achieved. Development and testing of variations of the basic system,
which may give rise to modifications suitable for other applications, are being pursued in Europe
and Japan.

4.0

RESPONSE TO ENVIRONMENTAL CHANGE
IN THE GREAT LAKES

It is inappropriate in this report to discuss in detail the great range of parameters that
characterize the physical, chemical and biological processes taking place in the Great Lakes. An
extensive bibliography is provided at Appendix B for those interested. It is important, however, to
summarize herein some of the more significant aspects that relate to dredging operations so that
the environmental consequences of such activities may be better understood in the context of the
Great Lakes.
It is also important to identify the cultural impacts of human development in the region
because of the need to trace the cause-and-effect relationships with respect to long-term trends
in water quality. Much attention, by both Canada and the United States, is being given to
improving the water quality, particularly in the lower Lakes, and it is essential that dredging
operations are carried out in a manner that will not adversely affect the existing water quality nor
impede progress towards achieving the defined quality objectives.
The Great Lakes are a unique resource with features much like those of an inland sea.
They have a surface area of 240,000 kml, which is equivalent to the combined area of the States
of New York and Pennsylvania, or roughly double that of the provinces of Nova Scotia and New
Brunswick. Lake Erie is the shallowest, having a maximum depth of 64 m and an average of only
18 m, whilst Lake Superior is more than 400 m deep, with an average of almost 150 m depth. The
Great Lakes basin covers an area of nearly 750,000 kmzand within this region there are some 35
million people, representing approximately 15 percent of the US and one-third of the Canadian
populations.

4.1

PHYSICAL PROCESSES
Physical processes that may be of concern in relation to dredging operations include

water level variations, wave energy and circulation patterns. Since the Great Lakes are almost
tideless, water level changes respond mainly to variations of inflow and outflow which are partly

regulated by control structures. Depending on the lake, seasonal changes of 30 cm or more occur
between a low in mid-winter and a high in mid-summer. Over-year changes are usually smaller
than the seasonal variations but have, from time-to-time, reflected extreme wet or dry periods with
annual changes of up to one metre. Long-term data indicate the ranges between maximum and
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minimum recorded levels to be 2.0 m for Lakes Huron, Michigan and Ontario, 1.2 m for Lake
Superior and 1.5 m for Lake Erie.
Wind-induced level variations are much more significant over short time periods.
Wind-seiches of 2.6 m on Lake Erie and 0.8 m on Lake Huron have been observed while storm
wave-heights reach more than 8 m in Lake Superior, 5 m in Lakes Michigan and Huron and 4.5

m in the two lower Lakes. Mixing of the water mass is very considerable during such storms and,
in the shallower areas, extensive resuspension and redistribution of bed sediments occurs.

Wave action is generally considered to be morphologically effective in the Great Lakes
at depths of less than 20 m although the depth of induced motion varies greatly according to
aspect, fetch and bathymetry. However, it should not be inferred that in waters shallower than 20
m all bed materials are violently agitated. Wave energy is reduced with depth at a rate of about

one-half for every one-ninth of the wavelength. On the basis of current knowledge concerning the

lacustrine sedimentology of the Lakes, it may be concluded that sands and silty-sands are
probably subject to intermittent reworking within a depth of about 20 m and smaller-sized
particles are moved freely about. The absence of a recent sediment cover at any particular
location may indicate that, providing material transport into the area takes place, local energy
levels are too high to permit deposition.

As an example of the types of information presently available relating wave energy
climate at a location to the bottom sediment size, a series of illustrations are presented
hereinafter. Figures 4-A and 4-B illustrate a form of sediment data, which may be used to
interrelate wind-wave effects and sediment response in the Great Lakes. Figure 4 A illustrates
Lake Erie sediments, described as Zones A, B, C, and D. These Zones refer to skewness/kurtosis
ratios as related to the statistics of the particle size distributions based upon several hundred
bottom sediment samples from the lake. In effect, energy levels, as related to these sediments,
increase towards Zone A, which is particularly evident in the nearshore zone.

Figure 4-B illustrates the distribution of computed orbital velocities, at depth, based

upon meteorlogical data collected during October November 1970, and is representative of a
sustained period of strong wind-wave action over the lake.

There is a strong correlation between the sediment-energy model , as exemplified by

Figure 4-A, and the orbital velocity model, and evidence at this time suggests that sediment
characteristics may be used to compute the related energy conditions in the overlying water

mass.

These figures are included to show that such sediment-water relationships are being

established, and that by using such background data, and knowing the particle size (and
cohesive) characteristics of dumped (dredged) materials, it will likely be possible to model the fate

of open-lake dumpings under different conditions. A modification to the orbital velocity model
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Figure 4-B

may also be used to estimate the depth to which physical turbulence may rework bottom

sediments.

Figures 4-C and 4-D illustrate the mean size content of the bed sediments in Lake Erie
and, as may be observed, show that good correlation exists between bed level energy distribution
and the sediment characteristics. Figures 4-E, 4-F, and 4-G present similar data for Lake

Ontario.

Wave energy also attacks the shorelines, and in the Great Lakes region the softer bluff
materials are eroding at rates of as much as 1.0 to 1.5 m per year. Bank erosion varies seasonally,
and, even at sites of severe erosion, rates are dependent upon local situations as well as variations
in lake levels and climatic conditions. Shoreline erosion provides a large portion of the total lake
sediment loadings and, together with those derived from upland drainage, constitute the primary
input of sediments to the lake environment. Recent deposits in protected harbour locations derive
primarily from influent drainage. On the other hand alongshore shoals and harbourmouth bars
are formed principally from shoreline erosion products through the reworking and transport of
materials within the littoral zone.
Circulation patterns of flow in the Lakes are influenced by wind stress, coriolis force
(to a minor extent) and, in the cases of Lakes Erie and Ontario, the momentum effects of the
inflowing Detroit and Niagara Rivers. The most significant circulation, however, is that caused by
the annual temperature cycle that results in regular seasonal thermal stratifications. Bottom
temperatures in the deeper parts of the Lakes remain throughout the year at close to 4 C, the
temperature of maximum density, while surface waters vary from O"C to more than 2000.
Formation of well-defined epilimnion and hypolimnion strata in the summer, separated by a
thermocline, gives way to isothermal conditions in the fall. Ice cover in the winter is variable but
only in Lake Ontario is it generally restricted to nearshore areas and in embayments. The surface
waters of all the Lakes are cooled to below 4% and being less dense than the water at depth
remain near the surface. Thus, in both winter and summer, surface and deep waters tend to
circulate independently.
Research investigations undertaken in Lakes Erie and Ontario in recent years have
shown that, far from being stagnant as once believed, the hypolimnion waters can experience

considerable circulation current movements. In the summer of 1970, for example, during a
prolonged period of SW to W winds, the thermocline layer in Lake Erie took on a pronounced tilt
being at about 18 m depth on the US. side of the Lake and only 12 metres depth off
Pointe-auxPins, Ontario. Currents in the hypolimnion averaged between 5 and 10 cm/s but were
measured as high as 98.5 cm/s. Such peak velocities, even if only of short duration, would
resuspend considerable quantities of bottom sediments. Saltation would continue even under the
indicated mean range of velocities.
The physical processes in the Lakes are primarily responsible for the transportation
and mixing of sedimentary materials. In terms of dredging concerns, the transport process relates
mainly to the movement of dissolved constituents in the form of an enriched solution as well as
the redistribution of particulate materials. The mixing process relates to the incidence of
turbulence and this in turn affects primary productivity of the photosynthetic biomass through its
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effect on light penetration. Mixing also reduces the concentrations of dissolved substances near
their points of introduction and affects the dispersion of particulates. Figure 4-H presents a
conceptual overview of the seasonal variations in physical processes.

4.2

CHEMICAL PROCESSES
The chemical composition of Great Lakes waters varies from lake to lake and strongly

reflects the nature of the surrounding bedrocks. In Lake Superior, where much of the basin

consists of Precambrian granitoid outcrops and sandstones, the water has very slight alkalinity
(i.e. pH 7.1-7.4), whereas in Lakes Michigan and Erie, where the influence of carbonate rocks is
far more significant, pH values range between 8.0 and 8.4.
The concentrations of major ions and trace metals in the Lake waters are generally
very low and in many parts of the Lakes, well within drinking water standards. However,
concentration values rise in the nearshore zones under the influence of land runoff, river inflows,
and contributions from bed sediments that are intermittently resuspended by wave action. The
concentration of the chloride ion, which may be taken as a coarse guide to the impact of industrial
and urban development, shows a four-fold increase between Lake Superior and Lake Erie
waters.
The major nutrient elements include nitrogen, carbon, phosphorous and silicon. In
terms of primary productivity, nitrogen values (in the forms of nitrate and ammonia) approach
zero in the epilimnion waters of Lakes Ontario and Erie during the summer months. Such
shortages can affect phytoplankton in these lakes but elsewhere nitrogen does not appear to be
limiting. Dissolved organic carbon and phosphorous are indicative of dissolved organic matter; the
lowest values of which occur in Lakes Superior and Huron, and follow closely the trend of total
dissolved phosphorous. Phosphorous availability in Lakes Huron and Superior appears low in both
summer and winter, and may well be limiting in terms of productivity. Concentrations of silicon,
as reactive silica, show a sharp drop in the epilimnion layers of both Lakes Erie and Ontario during
summer months and strongly suggest that diatom growth could be suppressed as a result of
silicate shortage.

In considering the chemical composition of lake waters it must be recognized that such
bodies are rarely homogeneous. Concentration levels may rise very significantly in nearshore
zones and particularly in protected harbours, in response to high, point-source loadings such as

municipal or industrial discharges. During periods of thermal stratification, the concentrations of
nutrients in epilimnion and hypolimnion waters may become very different because of the uptake
of dissolved substances during biological productivity. On the death or ingestion of such material,
nutrients may be transported from the epilimnion to the hypolimnion layer so that in summer it

is not uncommon to find the surface waters depleted of nutrients as a result of biological

production. (See Figure 4-H.)
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Despite the fact that concentrations of total dissolved solids are relatively low in lake

waters (60 to 150 ppm), there are important exchange processes taking place between water and

sediments and within the sediments themselves. Some of these processes are inorganic and may
depend upon redox potential (Eh) and pH conditions while others are essentially biochemical and
involve microbiological processes.

The more-active geochemical parameters are associated with the presence of clay
particles, hydroxides (colloids) and particulate organics. The clay minerals, which may act as
adsorption sites for various ions or molecular compounds, predominate in the finer silt and
clay-size fractions. These particles have very high
surface area to volume ratios. If such materials
are disturbed they may simply be redistributed but if violently agitated, the adsorbed complexes
may be partially removed. Such ions may remain in solution or simply re~attach to other
adsorption sites after transport to a less-turbulent location.
Recent sediments of silty-clay materials are usually loosely consolidated and retain a
very high water content (often greater than 100 percent). It is known that the interstitial or
pore-water of such sediments may retain much higher concentrations of ions in solution than
occur in the overlying water.If this porewater is released, as a result of turbulent mixing of the
bottom materials, it will effectively increase the total dissolved solids at the site of disturbance.
The chemistry of the bottom sediments and overlying waters in the Great Lakes
present complex situations wherein varied input loadings, residence times, and outputs give each
lake and its subbasins different, though related, characteristics. In simple terms, the size of Lake
Superior, the long residence time of its waters (183 years), and the relatively small cultural impact
of human activities in its basin means that generally its water quality has changed little since
records were initiated; it also means that, if its water quality does change, such effects may last
for a very long time. On the other hand Lake Erie, with its relatively short residence time (2.8
years), has shown considerable change in water quality relative to the effects of cultural impact.
lt is likely, however, that this lake may show signs of response to reduced input loadings on a
rather more rapid time scale.
It will be evident from an appreciation of the processes reviewed herein that the form
in which a chemical parameter is present in the aqueous environment is usually of much
significance from an impact viewpoint. If the nutrient elements and toxic compounds present in
the sediments are bound up in stable complexes within an ecosystem that does not require their
degradation for continued biologic productivity, such components can be considered as not
available to the biomass and hence, as long as conditions do not change in an adverse manner,
of limited environmental consequence. Nevertheless, a number of the chemical analyses that are
used to assess the presence in sediments of heavy metals and organic materials provide measures
of total concentrations only and yield little direct evidence of their availability for biochemical

activity. (See Section 5.1.3) It is for this reason, among others, that a site-specific approach to the
interpretation of chemical parameter tests on sediments that recognizes probable availability is

being recommended.
To assist in the better evaluation of such matters, a great deal of basic measurement

has been carried out in the Lakes in recent years. For classification purposes, each of the Lakes
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has been divided into a number of sub-basins each of which has been surveyed for both sediment
and water column characteristics. The water column is divided into three depth classifications
representative of littoral, medium and deep-lake zones, the dividing le below the surface. The
water in each layer is tested periodically for organic content, nutrients and a range of metal ions.
In addition, sediments representative of each of the depth zones are sampled by grab and core
methods and classified according to sediment size and a similar range of chemical parameters.
Data for each of the lakes except Michigan have been analysed to date by CClW. While these data
have been analysed for the sub-basins of each lake, only total-lake summaries are presented
herein as Table 4-1.
In addition, to indicate the spatial variations indicated by the foregoing, Figures 4-I to
4-N inclusive show bed-sediment concentrations of total phosphorous (as P305), total mercury and

organic carbon in Lakes Erie and Ontario from which it may be observed that natural background

levels at many locations are considerably higher than the criteria concentrations that have been
used in the past to classify dredged sediments as sufficiently polluted to be unfit for open-water
disposal (see further discussion in Section 5.1.3). It must be emphasised that the data presented

represent total concentrations of the noted parameters. The values do not necessarily bear any

relationship to the availability of such constituents for biochemical activity in the aqueous
environment.

4.3

BIOLOGICAL PROCESSES

The primary production of phytoplankton may be considered as the base of the biologic
which supports most other animal forms dependent on the aquatic community. For
chain
food
content v a measure
chlorophyll a
simplicity it may be quantified in terms of the

of the green pigment that is associated with active plant photosynthesis. While such
measurements do not provide a direct qualitative assessment of the desirability of biomass
composition and give little guidance on water quality, they can, by association, yield a useful

evaluation of species distribution. Figure 40 summarizes the maximum, mean and minimum
in each of the Great Lakes during the
chlorophyll a
average basin wide values of
ice-free period based on recent data and illustrates the differences in primary production levels.
The trophic scale used in the diagram has been selected specifically for these data.

Primary productivity is dependent upon the presence of adequate sources of the
nutrient elements plus light, heat, oxygen and a relatively low level of physical turbulence. Thus
any activities that affect these physical and chemical parameters affect the food chain and

potentially the ecosystem balance. The aquatic plant communities also form an early step in the
process of biomagnification. There are a number of well-documented instances where

concentrations of the heavy metals (Hg, As, Pb, Se) and persistent organics have been augmented
by orders of magnitude through the food chain.
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TABLE 4 1
SEDIMENT CHARACTERISTICS
Lake Ontario

Clay

DeEth Zone

Z

Total'P

Z

*

Total Mn

T.0.C.

Total Fe

A

1

Z

Total Basin

Hg

ppb

Pb

Cu

Cr

Cd

Se

As

ppm

22m

ppm

Ppm

Ppm

429m

ppm

Zn

minimum
maximum
mean
std.devn.

7.10
84.20
32.95
18.85

0.03
0.31
0.18
0.08

0.03
1.03
0.12
0.17

0.02
5.27
1.19
1.48

0.80
7.26
3.79
1.82

33.00
935.00
329.17
307.21

4.00
194.40
55.81
51.84

2.70
76.60
21.50
21.05

6.40
317.30
90.96
88.31

6.10
86.60
27.05
21.26

0.10
10.30
2.14
1.98

10.00
45.00
14.12
9.39

0.20
17.50
3.23
4.90

30 120 m. minimum
maximum
mean
std.devn.

0.60
84.70
34.20
22.70

0.04
0.37
0.20
0.08

0.03
2.50
0.32
0.32

0.12
4.96
1.56
1.27

0.69
8.31
4.98
2.00

32.00
2100.00
634.98
608.49

6.80
287.40
101.07
65.75

4.40
130.60
42.32
29.07

12.20
499.50
175.85
126.71

4.10
112.70
42.98
28.26

0.40
20.60
2.59
2.39

10.00
35.00
11.43
4.55

0.20
22.50
3.27
4.47

minimum
maximum
mean
std.devn.

7.60
92.70
64.52
18.39

0.10
0.55
0.25
0.07

0.11
1.23
0.38
0.22

0.19
7.06
2.76
1.06

2.96
9.62
6.87
0.90

25.00
2035.00
785.17
371.97

14.40
231.30
133.01
56.03

17.90
100.00
70.54
19.15

31.50
3507.00
308.94
349.01

9.90
133.30
61.67
20.10

0.20
4.60
2.46
0.99

10.00
30.00
12.15
5.60

0.20
17.50
3.65
5.12

< 30 m.
_

3 120 m.

_60.

Lake Erie

Total Basin

minimum
maximum
mean
std.devn.

0.53
82.07
35.38
25.40

0.02
0.69
0.21
0.07

0.02
0.36
0.10
0.04

0.07
4.50
1.96
1.18

0.70
13.72
5.18
2.23

5.00
2929.00
588.72
574.90

7.50
299.3
118.69
46.32

2.00
207.00
40.00
23.84

16.10
536.00
152.50
88.87

5.00
237.30
52.54
35.64

0.10
10.80
2.63
1.30

10.00
50.00
11.24
4.88

0.20
60.00
2.39
6.81

30 120 m. minimum
maximum
mean
std.devn.

31.11
72.99
60.26
9.21

0.15
0.27
0.23
0.03

0.08
0.23
0.16
0.05

0.75
3.12
2.27
0.67

3.68
7.61
6.43
1.01

45.00
977.00
519.37
259.03

17.50
127.70
90.08
31.13

5.00
57.30
38.18
11.02

32.80
332.30
201.47
83.16

16.20
78.90
53.03
18.20

1.10
3.60
2.39
0.72

10.00
50.00
13.48
11.52

0.20
3.00
0.38
0.61

2.00
55.00
19.04
13.53

16.10
95.50
48.29
21.02

5.00
34.00
17.39
7.27

0.10
6.70
1.11
1.01

10.00
10.00
10.00
0.00

0.20
7.50
2.24
1.69

< 30 m.
_

Lake St.

:_30 m,

minimum
maximum
mean
std.devn.

* as oxides

1.79
53.29
14.38
13.61

0.17
0.33
0.24
0.05

0.04
0.09
0.06
0.01

0.07
2.57
0.87
0.71

Clair

0.70
4.76
2.31
0.98

Total Basin

16.00
2565.00
648.12
658.19

7.50
235.00
145.84
512.73

TABLE 4 1

(cont'd)

SEDIMENT CHARACTERISTICS
Lake Huron
Clay
2

Degth Zone

Total P
o

*

Total Mn
2

minimum
maximum
mean
std.devn.

1.60
73.00
12.31
14.99

0.01
0.29
0.08
0.07

0.01
0.18
0.04
0.04

30-120 m. minimum
maximum
mean
std.devn.

2.00
76.40
35.11
17.69

0.01
0.80
0.13
0.11

0.02
2.44
0.20
0.31

3 120 m.

50.50
91.00
70.48
9.77

0.12
0.28
0.19
0.04

0.10
2.23
0.62
0.64

: 30 m.

minimum
maximum
mean
std.devn.

T.0.C.

7»

Total Fe

Z

Pb

ppm

Cu

PPm

Zn

Cr

Cd

Se

As

Rpm

PPm

PEN

PPm

PPm

54.00
435.00
165.74
116.52

2.30
59.80
23.38
15.83

1.60
51.90
10.29
10.76

0.40
107.60
23.09
25.85

1.40
55.30
17.05
12.64

0.10
2.70
0.74
0.53

10.00
40.00
16.61
9.33

0.20
3.00
0.45
0.66

0.17
4.49
1.63
1.31

0.65
7.80
3.53
1.80

26.00
805.00
209.14
155.84

0.10
139.68
57.82
28.65

0.20
96.00
32.14
20.31

0.30
191.00
79.45
50.81

3.40
87.80
32.34
16.75

0.10
49.20
1.62
4.82

10.00
60.00
16.63
9.93

0.20
12.00
1.12
1.94

0.34
3.86
2.67
1.14

4.03
8.58
6.40
0.72

66.00
680.00
292.16
185.07

2.30
139.70
78.09
42.86

30.40
79.90
59.06
12.18

24.30
210.70
106.12
49.25

25.40
82.70
50.09
15.59

0.10
3.00
1.41
0.78

10.00
25.00
12.43
4.50

0.20
15.00
2.19
4.10
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Total Basin

4.00
344.00
47.85
90.75

0.20
29.40
9.78
10.89

4.12
47.70
16.96
17.31

1.80
110.00
31.48
36.01

15.90
137.00
58.21
37.03

0.10
1.70
0.63
0.57

10.00
10.00
10.00
0.00

0.20
1.00
0.31
0.24

0.02
3.24
0.16
0.36

0.15
18.76
3.76
2.89

4.00
584.00
61.96
80.93

0.20
81.50
21.14
17.70

4.11
153.00
35.36
25.99

1.51
198.00
50.05
42.70

2.60
264.00
91.56
65.10

0.10
3.20
0.76
0.66

10.00
50.00
10.44
4.22

0.20
17.00
1.48
2.75

0.02
24.78
0.47
2.08

1.32
30.22
7.27
2.87

12.00
300.00
91.13
39.89

3.90
125.00
53.35
24.17

8.08
995.00
100.53
69.12

1.42
1116.00
118.70
69.09

15.80
822.00
193.08
99.78

0.10
10.30
1.45
8.75

10.00
100.00
11.40
8.34

0.20
14.00
1.82
2.42

0.60
87.20
16.12
27.92

0.01
0.24
0.10
0.09

0.03
0.14
0.06
0.03

30-120 m. minimum
maximum
mean
std.devn.

0.10
95.20
25.77
24.48

0.01
0.31
0.11
0.07

minimum
maximum
mean
std.devn.

1.80
98.20
67.15
22.20

0.02
0.97
0.21
0.11

*as oxides

ppb

0.21
6.51
2.50
2.08

minimum
maximum
mean
std.devn.

3 120 m.

Hg

0.27
30.00
2.15
5.18

Lake Superior
: 30 m.

Total Basin

0.02
1.29
0.34
0.44

P205
[3

E]

< 0.10

010

0.15

0.15 - 0.20

0.20 - 0.25

> 0.25
- unpublllhld dIKI.

CC ,

1975

LAKE ERIE
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Figure 4-N
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Microbiological processes can effect the methylation of such heavy metals as mercury
and lead and also play a significant role in the breakdown of organic materials. Under normal
aerobic conditions, bacteria degrade organic complexes so that the products can be reintroduced
into the living biomass. This process continues without creation of undesirable conditions
providing oxygen availability is adequate and the quantities of organic material are not excessive.
However, if oxygen deficiency or organic overloading occur, the aerobic bacteria are forced to
compete for the remaining oxygen supply. As dissolved oxygen levels decrease, the higher-order
nekton will tend to leave the area while crustaceans and other benthic forms will gradually die
off.

Under anaerobic conditions other bacteria, that can utilize the oxygen bound up in
chemical compounds and reduce them to their respective sulphides, gain ascendency. This can
be important because major ions and certain trace metals may be effectively removed from the
lake system because of their low solubility in the sulphide form. Anaerobic decomposition of
organic materials, on the other hand, leads to production of methane gas which may be
considered much less desirable.

Investigations carried out in the Great Lakes during recent years have shown that in
the central basin of Lake Erie, parts of Lake Michigan and in Saginaw Bay oxygen depletion has
become severe during the period of summer stratification. Secchi-disc values may be taken as
indicative of the concentrations of suspended solids. Where the organic fraction is dominant these

generally compare well with observed dissolved oxygen levels. A notable exception, however, is in

the shallow western basin of Lake Erie where secchi-disc values indicate very high particulate

concentrations although oxygen levels are maintained. This is because of the turbulent mixing
that occurs throughout the full depth of the water column due to wave energy.

The catastrophic changes in fish stocks which have occurred throughout the Great
ic lakes that
Lakes during the past century illustrate the fragility of fish communities in oligotroph
As its basin
.
technology
advanced
and
have been strongly affected by human population growth
affected.
be
to
earliest
the
was
Ontario
was the first to be settled and industrialized, Lake

and
Oligotrophic fish communities were successively disrupted in Lakes Erie, Huron, Michigan
led
and
drainage
n
Laurentia
Superior as the affects of population growth Spread upward in the
invasion of marine
to intensive selective fisheries, large-scale modification of the drainage basin,
environment.
lake
the
species, introductions and progressive physical-chemical changes in

factor, but
The degree and sequence of response of families of fish differed for each
factor
each
to
e
in respons
the sequence of change among families and species has been similar

change in the species
as it affected various lakes at different times. The result has been a radical

Ontario and Erie. The first
composition in all of the Great Lakes and more particularly in Lakes
was noted in Lake Ontario in
Sign of stress and change in the stability of the Great Lakes fishery

was evident throughout
the mid-1800 s and by the mid-1900 s, a state of instability and change
the Great Lakes system.

ed species when the
Exploitation was intense and strongly selective for a few preferr

ve fishery developed in Lake
fisheries were initiated in the various lakes. The earliest intensi
was of primary interest. The lake
Ontario, and the Atlantic salmon, present only in this Lake,
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whitefish was the most valued and sought-after species during the early fishery in each of the four
other lakes. The lake trout was the second most valued species in all the lakes and bore the brunt
of increased fishing pressure as the supply of lake Whitefish declined.
Other species exploited heavily in the early fishery were the lake herring and lake

sturgeon. Between 1879 and 1925, lake herring contributed more than half of the total annual
production from Lake Erie. Deepwater ciscoes were exploited heavily in Lakes Michigan, Huron

and Superior in 1925-35 and again at various times after 1950 following the decline of the lake
trout.

The influence of modifications in the drainage basins on the fish stocks of the Great
Lakes is difficult to define even though the effects were apparently major. Nearly all of the species
of fish of the Great Lakes are found in shallow water at some season or period of their life history.
The sturgeon, which once spawned in large numbers in marshes and tributaries, declined during
the period in which these areas were being modified by land drainage, dams and pollution.
Although intensive fishing did much to reduce the sturgeon population, the destruction of the
major spawning areas was undoubtedly a major factor in preventing the recovery of the

populations.

The Atlantic salmon was probably the most abundant and valuable species affected
by drainage changes. The changes that occurred in the tributaries to Lake Ontario eventually
eliminated the suitable spawning habitat for the species, and led to its ultimate extinction in Lake
Ontario and the upper St. Lawrence River.
River run lake trout, lake Whitefish, and lake herring were common in the Great Lakes
during the 1800 s. The largest runs and greatest production were in the rivers joining Lakes
Huron, St. Clair, and Erie, but these populations disappeared by the early 1900 s. Major fisheries
were also based upon river-run Whitefish stocks in tributaries of Green Bay, but they faded away
quickly during the logging period when the streams carried large quantities of woody
allochthonous materials.

Three marine species (alewife, sea lamprey, and smelt) have successfully established
thriving populations throughout most of the Great Lakes since the 1800 s, and have contribute
d
to major disruptions in the fisheries. Establishment of two of these species, the alewife and
sea
lamprey, is related to modification of the drainage basin and the tributaries. Thus, they represent
a secondary effect of the modification of the environment that has also had a direct influence
on
oligotrophic fish communities of the Great Lakes. Such modifications including the removal
of the
forest, construction of mill dams and pollution altered the physical and chemical conditions
in the
streams and the littoral zones of the Lakes.

The full impact of cultural eutrophication was not felt in the Great lakes until
the
mid-1900 s, although physical and chemical changes that occurred in tributaries entering
Lake
Ontario were major factors in the decline of the Atlantic salmon. In the present
century,
oligotrophic species have been reduced or have disappeared during periods
of accelerated
changes in water quality. These conditions often developed after fishing ceased to
be profitable
for salmonid and coregonine species and after marine invaders had become establishe
d.
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4.4

CULTURAL IMPACTS

Extensive development around the Great Lakes during the last century has clearly had
a very significant effect on their chemical and biological processes and, in assessing the
environmental impact of a dredging program, it is necessary to be aware of the overall trends in
water quality that have been promoted by such cultural factors. Unfortunately, reliable water
quality records are not available for the Great Lakes much before the late 1920's although a few
observations exist dating back to the turn of the century. Nevertheless, with the benefit of
considerable recent research involving analyses of lakebed sediment core samples, much useful
information on the past effects of cultural impact has been derived.
While the excavation and redistribution of uncontaminated sediments for navigation,
mining or other purposes may have some adverse environmental effects, the principal concern
herein is with the polluted materials that have to be removed periodically from busy shipping lanes
and commercial harbours. The dredging phase of such maintenance projects frequently improves
conditions at the site but disposal of the contaminated materials presents a potentially wide range
of concerns. Since the most convenient method of dredged material disposal is usually in open
water, as near as possible to the dredging location, a decision to dispose of the material elsewhere
involves an increase in costs that recent experience has shown can be very considerable.

Therefore, it is essential that the probable impacts of open-water disposal be as thoroughly
assessed as the state of knowledge will permit before a contrary decision is made. An appreciation
of trends in lake behaviour is necessary for such assessments.
Changes in the trophic status of a lake, or the degree of eutrophication, provide an
indication of the recent cumulative effects of cultural impacts. At one end of the trophic scale

oligotrophic lakes are usually deep, cold and clear. They have low concentrations of nutrients and
exhibit low biologic productivity. At the opposite end of the scale, eutrophic lakes are normally
shallow, warm and sometimes turbid. They are rich in nutrients and highly productive.

A distinction may be drawn between natural and artificial eutrophication. Natural

eutrophication, in a narrow sense, would have to be brought about by an increase in the nutrient
income of a lake through some natural agency. Although such increases can happen at any time

during the geologic history of a lake, there is no support for the idea of a continuing gradual

natural increase of nutrient supply. As long as the lake remains deep with a voluminous
hypolimnion, the biota of the lake do not change greatly under natural conditions. The Great Lakes

are so large and contain such great volumes of water, that significant changes must occur in many
thousands of square miles encompassing their drainage basins or in the climate of an entire
region to bring about natural eutrophic changes in the lake.

What
The foregoing is not to suggest that there are not progressive changes in lakes.
to
responds
ty.
communi
biologic
the
that
sense
the
in
on
does happen is ecological successi
and transformations.
ever-increasing levels of stress through a sequence of disruptions
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The trophic state of a lake is maintained by continued inputs of nutrients. In very large

lakes, increased nutrient loadings affect first the near-shore environments and, depending upon

the morphology and morphometry, gradually influence the offshore waters. An acceleration in
nutrient supply, which can occur as a consequence of agricultural, industrial, and population
growth in the drainage basin, does not allow the system to come to equilibrium and results in the
symptoms of cultural eutrophication which are evident throughout the Great Lakes.
The term cultural eutrophication in a broad sense includes physical and chemical
changes that result from influences of human population growth and industrialization that are in
part natural, but which occur at much greater than natural rates, as well as from influences that
are artificial in that they would be unlikely to occur in the absence of a technological society.

The accelerated natural processes include increases in nutrients and turbidity, and
physical changes such as the loss of shallow areas, more often by drainage than by siltation.
Artificial processes include increases in water temperatures of tributaries, bays, and inshore
areas through changes in land use (primarily deforestation), massive introductions of heated
effluents, the discharge of synthesized chemicals (such as pesticides and plastics) or wastes of
chemical industries, and large quantities of metals and minerals that are products, or
by-products, of industrial processes and which enter the tributaries of lakes in amounts greater
than would normally erode or leach from the lake basins.
The drainage basins of Lakes Erie, Michigan and Ontario have been significantly

altered as a consequence of settlement and the effects are reflected in significant changes in the
environment and biota of the lakes. In a little over 200 years, the drainage basin of Lake Erie has
been completely altered from what was mostly wilderness populated by about 100,000 people to

a watershed used intensively for agriculture and industry in which the population had increased

by 1970 to approximately 12 million. Sufficient evidence has been accumulated to demonstrate
that all the Great Lakes, except Superior, have undergone measureable changes in the last 60

years.
Historic data indicate that on a lake-wide basis there has probably been very little
change in the nutrient content of Lake Superior since the turn of the century. The concentrations
of some industrial contaminants have increased but these are of only local significance. There is
some evidence to suggest that total nitrogen (nitrate plus ammonia) may have increased since
1906, but nitrate is probably not growth-limiting to phytoplankton in this Lake. The few core

samples which have beenobtained indicate slightly increased mercury concentrations during the
period 1945 to 1955.

Secchi-disc values for Lake Huron, based upon lake-wide means for July and August,
show a consistent decrease from 10 m in 1954 to 7 m in 1971. Diatom production has been
modified, coincident with a decrease in reactive silica concentrations over the same period, and
may result in their periodic replacement by other algal forms. There is also some evidence in Lake

Huron to support the view that nutrient concentrations began to rise in the early 1950 s and
lake-wide water quality data suggest that the biomass continues to respond to this increase.

Cultural impacts are most pronounced in the nearshore zones and Saginaw Bay is now considered
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to be highly eutrophic. The influence of changes taking place in Lake Michigan are evident in Lake
Huron water quality.

Changes in certain chemical components of Lake Michigan are substantial enough to
indicate that eutrophication has been accelerated, at least to some extent, by man. By 1966,
records indicate that total dissolved solids had increased by 30 ppm, sulphates by 3 ppm, and
chlorides by about 6 ppm during the preceding 90 years, and that organic nitrogen had increased
while inorganic nitrogen had decreased during the preceding 38 years. Although oxygen
been
concentrations in the main body of Lake Michigan remained near saturation levels, they had
1938-39
in
ppm
2-3
from
declined
ions
concentrat
where
Bay
seriously depleted in southern Green
to 1 ppm or less in 1955-56.

The effects of accelerated eutrophication and pollution in Lake Michigan are also
diverse and certain
indicated by changes in the lower biota. The diatom flora are becoming more
are becoming
ation
eutrophic
of
phytoplankters associated with moderate to high levels
of benthic
species
tolerant
increasingly common. Conspicuous changes toward more pollution
a large
where
Bay,
Green
organisms have occurred in some shallow areas, particularly in southern
area of the bottom is covered with anoxic gray sludge.

in three
The effects of cultural impact on the lower Great Lakes has been detailed

be seen by reference
volumes of reports to the International Joint Commission in 1968. As may

and the development of anoxic
to Figure 4-P, the historic evidence of oxygen depletion in Lake Erie
to mark the onset of severe
conditions in the central basin during the 1960 s may be considered
de dissolved oxygen data is not
eutrophic conditions. Unfortunately, reliable evidence of lake-wi

that the western and
available for periods prior to the late 1920 s but it is reasonable to suggest

of primary biomass even before
central basins of Lake Erie were already highly productive in terms
European settlement.
impacts. The limnetic zone is
Lake Ontario has also responded to increased cultural
ng more nearly eutrophic
becomi
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now considered to be mesotrophic and the littoral
inputs. A rise in the
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particularly in areas influenced by immediate
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concentration of chloride ions also suggests a contin
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s, and other aquatic species, have
It may also be noted that the benthic communitie
. The disappearance of the burrowing mayfly

responded to the effects of cultural impact
loss of this species as an important forage
(Hexagenia) from Lake Erie is a prime example. The
in populations
the fish that were dependent upon it. The changes
item had a massive impact upon
shifts in water quality conditions at stages
of midge larvae (Chironomid) also suggest subtle
ty monitoring.
almost undetectable by normal water quali

show strong evidence of increased
In both Lakes Erie and Ontario, sedimentcore data
minant loadings. These further illustrate the
nutrient element, trace metal and other toxic conta
appear in early

useful for interpreting the gaps which
trends shown by water quality data, and are
records.
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In Lake Erie the concentrations of organic carbon, and total nitrogen have shown slight

but continuing increases from the mid-1700 s until some time in the 19505. Total phosphorous
had also increased very slightly to about 1940. However, there appears to have been a marked
increase in total phosphorous concentrations after this date which correlates well with the rates
of dissolved oxygen depletion illustrated in Figure 4 P. Attendant with the increases in nutrient
elements are higher concentrations of such heavy metals as mercury, lead, copper, zinc and
cadmium, and such toxins as pesticides and herbicides. These increases have been particularly
marked since the early 1940 s.
The core data from Lake Ontario show similar trends, although, because of differing
local inputs to the Lake from the surrounding basin, response times are somewhat different. This
is particularly noticeable for the total phosphorous data. The mercury content of core samples as
is illustrated in Figure 4-Q also indicates that industrial and municipal impacts in Lake Ontario
have been mounting steadily since about 1914.
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5.0 ENGINEERING, ECONOMIC
& ENVIRONMENTAL ASPECTS

years AD.

5.1

CLASSIFICATION OF SEDIMENTARY DEPOSITS AND
DREDGED MATERIALS

A substantial accumulation of practical knowledge concerning the bottom sedimentary
materials along the shorelines and in the ports and harbours of the Great Lakes has been obtained
through dredging activities in the past. Much reliance is placed on this experience both by
government agencies and dredging contractors when selecting plant for proposed operations.
Unfortunately, this practical experience is largely unrecorded; such records as have been kept
allow for only a crude interpretation of the physical, engineering and environmental
considerations that relate to dredging projects.
It is apparent from a review of traditional practices that the comparative freedom of
choice to dispose of dredged materials in open water prior to the 1970 s in the Great Lakes has
not imposed any rigorous requirements for precise definition of the sediment characteristics. Only
when the primary purposes for dredging have been the creation of a landfill, beach nourishment
or aggregate mining, have borrowed materials been selected on the basis of their physical and
engineering properties. Nevertheless, classification in such terms would provide a consistent basis
for behaviour evaluation during both dredging and open-water dumping as well as for land
disposal. As this report emphasises, the potential pollution hazards due to dredging are related
to the physical characteristics of the sediment as well as to its biological and chemical properties.

The environmental aspects can only be reviewed satisfactorily when information on all such
relationships is available.

5.1.1

Physical Classification

The physical properties of soils are defined by such characteristic parameters as
grain-size distribution, liquid and plastic limits, void ratio and sometimes mineralogy and particle
shape. The complete range of properties do not, of course, need to be determined for prediction
of physical behaviour in every dredging project.

Grain-size analyses are likely to be of wide use in evaluating both short- and long-term
effects of a dredging activity. As only small amounts of pollutants are associated with
coarse-grained materials in their sorption complexes, such materials, in general, do not impose
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intense hazards in the aquatic environment. Since they settle rapidly even under conditions of
moderate current energy, their aggregate performance when disposed in open water is
predictable.

The behaviour of sediments which contain significant amounts of fine and very
fine-grained soils is, however, quite different from those of the coarse-grained materials. Such
soils contain adsorption complexes attached to the individual grains that can occupy a major part
of the void space within the soil matrix. The physical properties of those soils are largely
determined by the nature of this adsorbed layer.
Fine-grained soils consist of silts ranging in size between 0.06 mm and 2.0 pm. i
Very fine-grained soils

are clays of less than 2 pm particle size. Soil particles which are so

small that surface activity has an appreciable influence upon their properties are said to be
colloidal. Since the intensity of surface activity varies with the substance, the upper limit of size

for colloidal particles is not constant but ranges between 2.0 and 0.1 pm. Since it is the clay
materials that are by far the most active, the upper limit of colloidal size is usually considered to
be the upper grain-size limit for the clay soil fraction.
It is well established that most chemical complexes that could contain pollutants of
concern in the aquatic environment are bound as adsorption layers to the fine-grained particles
(clay minerals, hydroxides and organic carbon particles) within a sediment. The complex is held
together by ionic attraction, with the particles usually carrying negative charges and positive
hydrogen ions provided from the surrounding water. Certain clay minerals carry positive charges

so that in a given sediment both anionic and cationic adsorption sites usually exist. Such fine and

very fine-grained soil particles tend to remain in suspension under modest energy currents and
once settled can be readily resuspended. Wave energy and circulation patterns continually re-sort
such sediments within the littoral zone, gradually transferring them into the deeper water

areas.

The intensity and movement of turbidity clouds that are associated with dredging
activities are the most readily observed indications of the bottom dispersion of contaminants.

Trace-element monitoring can be used to provide direct evidence of such effects, but, to date,

limited observations of this phenomenon have been performed. Except in those instances where
trace elements have been deliberately injected to plot current patterns, the recorded data are
rather indeterminate. Thus to provide a sound basis for establishing criteria that would be
indicative of unacceptable levels of turbidity, more extensive, specific field observations are
required. Such observations should be supported by a consistent classification of the materials
being dredged or dumped so that predictions of probable turbidity levels for future situations

could be developed.

The foregoing is established from geotechnical considerations. It should be noted that lacustrine sedimentologists

have adopted 8¢ (approximately 4 lug) as the lower limit of the silt fraction. They utilize a Phi scale for
sediment grading in which ¢

= .Iogz (diameter in mm). For examples, see Figures 4-C and 4-F.
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A comprehensive basis for classification of soils has evolved through research in the

geotechnical field and it is recommended that such classification be applied to dredging activities.

(See Section 6.2.) As a primary basis for evaluation of environmental concerns and to provide for
comparison of dredging projects, it is recommended that, in all cases when samples of bottom
sediments are taken, a grain-size distribution analysis should be made as a minimum
determination of physical characteristics.

5.1.2

Engineering Classification

Engineering properties of soils are defined by such characteristics as cohesion, shear
strength, permeability, consolidation and other strength-related parameters. Parameter values
are determined by field and laboratory tests and applied in the design of structural foundations
and embankments. In relation to dredging operations, the shear strength and cohesion of bottom
sediments in-situ may determine the choice of appropriate dredging plant. Suitability
ofthe
various types of plant for excavation in different sediments is discussed in Section 3.3.
Coarse-grained materials, when in a cohesionless state, have properties that are
essentially dependent on the mechanical characteristics of the soil grains themselves. ln-situ tests
and experience will generally suffice for prediction of behaviour during excavation and following
disposal. The strength properties of naturally-cemented cohesive sediments on the other hand
depends on the nature of the bonding. Fine-grained and very fine-grained soils properties are
closely related to their chemical composition. The behaviour of natural sediments which contain

significant amounts of silts and clays will be modified by the characteristics of these fine
constituents. Testing programs to determine the engineering properties of such materials need to
be considerably more elaborate than for coarse-grained soils.
Concern over the pollution aspects of dredged material disposal in open water has led
to an almost total prohibition of this practice in the United States portions of the Lakes during
the past five years. In Canada, environmental concern has also led to preference for confined

disposal of contaminated dredgings either on land or within diked foreshore areas. Most of the
materials destined for confined disposal consist of contaminated materials from maintenance
dredgings of harbours. These materials typically consist of fine-grained sediments intermixed with

organic materials and other chemical and industrial sludges. In their natural state on the harbour

bottom they are unconsolidated and when deposited within lagoons or on terrestrial sites
consolidate very slowly.

Clay materials, as has been indicated, exhibit different characteristics depending upon
their mineralogy, adsorption complexes and free interstitial water. Remoulding of soils that
contain significant amounts of silts and clays, destroys the complex physical structure and

chemical bonding. Although much of the cohesive strength that is characteristic of fine-grained
soils is lost in the remoulding process, it can normally be regained over time. However, in the
dredging process it is inevitable that a significant change in the water content of clay SOIIS takes
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place along with a re-sorting of the soil constituents. As a result, the consolidation characteristics,

time-rate of settlement and gain in strength can only be predicted from laboratory tests of
remoulded samples representative of the conditions to be created.
There has been very limited experience in the Great Lakes region with respect to
confining polluted dredged sediments. The necessity of undertaking such landfill operations in the
future will give rise to a number of design considerations that will require determination of the
engineering properties of dredged materials. Of considerable importance is the determination of
the capacity of confinement areas having regard to the bulking characteristics of the material. The
provision of adequate detention capacity to allow for settlement of fine-grained materials from the

supernatant water requires determination of settlement and flocculation properties. The strength
or lack of strength of dredged materials will influence the design of retaining dikes. The projected
after-use of the area requires attention to drainage characteristics and knowledge of consolidation

rates, settlement and strength characteristics. Material variations which occur naturally across a

dredging site may allow for intermittent layering of fine-grained soils with sandy materials to
improve internal drainage and increase the rate of reconsolidation.
Most such landfills are likely to be filled with a dredged soil slurry, pumped either
directly from the dredge, from scows or hopper vessels. Over the short-term the supernatant flow
will include the interstitial waters from the soil complexes and may require substantial detention
time, not only to permit settlement of suspended solids but also to provide for biologic reduction
of organic materials to acceptable levels before return to the lake. Where unusually heavy
concentrations of organics, nutrients or toxic metals are present in the supernatant flows, or in
leachate drainage, it may be necessary to consider specific treatment before permitting drainage
return to a watercourse.
A decision to transfer contaminated sediments from a subaqueous environment to a
confined terrestrial site should not simply result in relocation of the problem. The reason for
disposal of dredged materials within a confined landfill, from the viewpoint of pollution
abatement, is to create a permanent storage site which inhibits the migration of various elements
to the groundwater and prevents their return to the lacustrine environment. In such instances it
should also be recognized that the design should not simply result in creation of a sump but rather
attempt to make the best use of available materials and engineering knowledge to achieve a

facility which can be of some future use to the community. It behoves those concerned to improve
each site within the limitations imposed by the materials at hand.

5.1.3

Biological and Chemical Classification

A characterization of bottom sediments as to their degree of pollution has, during
recent years, been made on the basis of a limited number of tests adapted from technology
developed for the water supply and sewage treatment fields. Pollution hazards have been inferred
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utilizing criteria originally adopted by the EPA s predecessor agency. These criteria, used in the
United States and Canada, are reproduced herein as Table 51.

TABLE 5 1
Criteria of Acceptability for Open water Disposal of Dredged Materials
Maximum permissible concentration
Parameter

Canada

United States

(all values are shown as mg/kg dry
weight basis)

Volatile Solids
(Loss on ignition at 600'C)

60,000

60,000

Chemical Oxygen Demand

50,000

50,000

Total (Kieldahl) Nitrogen(as N)

2,000

1,000

Total Phosphorus (as P)

1,000

Oil and Grease (ether or

1,500

1,500

0.3

1.0

chloroform solubles)

Total Mercury (as Hg)

Lead

(as Pb)

50

Zinc

(as Zn)

50

Note:

a blank indicates that no formal criterion has been established.
Occasionally other tests for additional heavy metals, organic toxicants and other

of
parameters have also been used. However, as a result of recent research on the complexities
gy
high-ener
the biochemistry and geochemistry of natural waters, it has been recognized that the
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contamin
of
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Since it is evident that such arbitrary values bear little relationship to environmental

processes and have not been correlated with perceived impact effects, the Working Group has
concluded that application of the current criteria as the basis for determining the pollution status
of bottom sediments and the use of an individual parameter as sole criterion for determination
of acceptable disposal practices is inappropriate.
It is, therefore, recommended that the characteristics of bottom materials to be
dredged, and of bottom sediments at proposed open-water disposal sites, be determined from
current state-of-thevart technology and to the greatest extent possible provide indications of
chemical constituents and other parameters in terms of their availability to the ecosystem.
Moreover, it is recommended that determinations be made not only from samples of the materials
scheduled for removal but also, where appropriate, from samples representative of natural
background levels at proposed disposal sites in accordance with the environmental sampling
requirements discussed in Section 5.2.
If, as discussed in Chapter 7, the recommendations of the Working Group concerning
programming and planning of dredging activities provide for a much greater lead time, there will
be opportunity to place more reliance upon bioassays in which conditions more representative of

the natural environment can be simulated. Such testing provides a direct means of determining

threshold lethal concentrations and for evaluation of sub lethal concentrations affecting species
physiology, growth and reproduction. These impacts can then be related more directly to the
availability ofcontaminants estimated from site sampling.
At the time of preparing this report, it is recognized that the research initiated in the
Dredged Material Research Program by the Corps of Engineers, broad studies of the Great Lakes
limnology, sedimentology and lacustrine processes in progress at the Canada Centre for Inland
Waters as well as research by other organizations will define more rigorously the complex nature

of chemical and biological reactions which occur in natural water environments. The extent of
current research activities bearing upon the problems of dredging and environmental protection
in the United States and Canada is summarized in Appendix C. As results of the investigations
accumulate, somewhat simpler indicative tests may be developed which will correlate
satisfactorily with experience data. The Working Group is of the view that environmental
protection will best be served by sitevspecific project evaluations, placing reliance upon the

professional judgement of qualified investigators.

5.2

ENVIRONMENTAL SAMPLING

Sampling of bottom sediments and the overlying water column at the sites of dredging
and open water dumping operations for environmental purposes will usually be required in
advance of project operations. Additional sampling may also be required during the operations
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and afterwards when it is intended to monitor and assess the effects of the dredging and disposal
actiVIties on the local environment.

Sampling undertaken before dredging and/or sediment disposal is intended to

describe the significant engineering, physical, chemical and biological characteristics of the
material being excavated at the proposed disposal site. This information will be evaluated during
the process of environmental impact assessment and interpreted in the light of local background
conditions and previously documented experience. Determinations of acceptable projects will be
made in conformity with the applicable guidelines and criteria of Chapter 6. From such data
comparisons on a site-specific basis, it is intended to identify and encourage utilization of the
beneficial aspects of a dredging project and at the same time minimize its deleterious impacts.
Samples collected during and after the operation of dredging or disposal activities will
be primarily intended to monitor the conduct and medium- to long-term environmental effects of
the project. Such documentation will se develop a record of relevant experience and may also
contribute to the ex post facto evaluation of the effectiveness of environmental control

programs.

It is important to recognize that in carrying out an environmental impact assessment
for a dredging project, absolute values representative of the chemical and biological parameters
of concern are almost impossible to obtain. Furthermore, because of the complex and synergistic
relationships which exist between the many variables that characterize a dredging or disposal site,
such absolute values may not be very meaningful. Parameter values must be interpreted

according to their relative importance on a site-specific basis. Within this limitation a sampling

program should be planned with three basic considerations in mind; changes with respect to time,
spatial variations as well as sampling, processing and analytical procedures. It is of particular
importance that the sampling program be related to the scope of the dredging project to be
undertaken. Review of recent dredging projects suggests that generally insufficient samples have
been obtained to facilitate good decision making with respect to disposal practices. The high cost
of onland disposal sites for the containment of contaminated sediments demands that the
pre-project sampling program be designed to categorize as closely as possible the nature of the
sediments to be excavated and their in~situ variability as well as the site characteristics of

proposed disposal sites.

5.2.1

Sampling Program Design

In view of the foregoing, it may be anticipated that in many cases a staged program
of sampling would be preferable; the initial samplings being designed to provide a general
classification of the environmental concerns at both dredging and disposal sites and subsequent
phases planned to more closely identify specific concerns and variations where such are likely to

affect the costs of project alternatives.
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For most projects it will be necessary to sample both the sediments to be excavated
and the overlying water column in the dredging area, and the sediments to be blanketed at the
disposal site where open water dumping is expected to be permitted. Adequate classification of

existing conditions at each of these locations requires that changes over time be recognized and
both vertical and horizontal space variations observed.

The physical, chemical and biological characteristics at dredging and disposal sites
within the Great Lakes basin can be expected to change on a seasonal basis. Ample evidence exists

to show that fluctuations occur from one season to another in water level and discharge, nutrient

concentrations, temperature, dissolved oxygen concentration and bottom sediment distribution,
particularly in the littoral zones of the Lakes. The timing of sampling programs is therefore
extremely important. Sampling before the event should be completed as close as possible to the
actual operation or at a comparable time period the previous year if such advanced planning is

possible. In the latter event it would be most desirable to undertake a selective sampling program

immediately prior to the dredging operation to ensure that the assessment based on previous
sample results remains valid. Sampling programs should also be adjusted in time to avoid
anomalous conditions such as imposed by storms or unusual algal blooms if these are not
expected to be typical of conditions under which the dredging project is to be carried out.
Physical, chemical and biological characteristics of a dredging or disposal site may
vary both vertically and horizontally but, within the confines of a site-specific sampling study,
water quality generally tends to show rather less variation than bottom sediment quality.

Although, in a relatively homogeneous area, representative samples could be obtained
by a random sampling approach, a more regularly defined pattern is preferable for determination
of unknown horizontal variations. Since, for convenience, water samples are usually obtained at
the same plan location as the bottom sediment samples, requirements appropriate to the latter
usually control the design of a sample network. Sampling networks or grids for environmental
assessment purposes generally fall into one of five categories, viz:
i) Random sampling

usually only suitable for preliminary
studies.

ii) Regularly spaced
grid sampling

widely used as a general purpose technique
although not necessarily the most effective
approach since the sampling density remains

uniform throughout the sample area.

iii) Concentric or
radiating grid

sampling

beneficial|y used in situations of
point source effects where sample spacing

can be varied to permit resolution of a
diffusion gradient.

iv) Transverse
grid sampling

used particularly to present information
for the purposes of profile display;
gridlines can be equally or unequally
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spaced to suit conditions such as those
in flowing water situations where repeat
samplings are used to generate a time
series of results.

v) Selected spot
samplings

5.2.2

used to identify specific individual site

characteristics representing locally
important situations, to provide background
data, and to monitor for anomalies on a
repeating basis that might justify detailed
follow up.

Sampling Procedures

A wide range of sampling equipment suitable for water, sediments and the biota has
been developed over the last hundred years primarily in response to research requirements. Each
piece of equipment has unique characteristics and no single item can be expected to serve all
purposes. The detailed design of a sampling program is in fact a skilled task and it is particularly
desirable in each case that the sampling and analysis techniques adopted be selected with a view
to providing only sufficiently meaningful results to facilitate decision making.
In general terms it is not possible to state the number of samples that may be required
to adequately categorize the water column or sediment mass being investigated. However, if it is
desirable to apply statistical analysis to the sample data then experience suggests that, in most

work

dealing with Great Lakes situations, a coefficient of between

10 and 20 percent,

incorporating both spatial and analytical errors, can be considered acceptable.T

5.2.2.1 Sampling of the Water Column

When sampling the water column overlying the sediments to be dredged or those to
be blanketed in a disposal area, the seasonal variations must be fully recognized. lf isothermal
conditions exist, the vertical component may be adequately described using depth-integrated

samples whereas if the dredging is to take place during a period of thermal stratification it will
likely be necessary to sample the epilimnion and hypolimnion waters separately. Some sampling
techniques permit measurement of certain parameters in-situ whilst others necessitate

T

P.G. Sly Statistical Evaluation of Recent Sediment Geochemical Sampling
International Congress of Sedimentology, Nice, France, 1975.
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5.2.2.2 Sampling of the Sediments

5.2.2.2.1

Surface Sediments

ts in the littoral
As previously described in Chapter 4, the nature of the surface sedimen
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the considerable variability of
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5.2.2.2.2

Sub-surface Sediments
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i

P.G. Sly. op cit.
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In new work projects it will occasionally be necessary to sample consolidated

sediments and even to locate the depth to bedrock. Low frequency acoustic profiling or seismic
reflection profiling methods may be useful for general definition of substrata formations but if it

is necessary to obtain samples regular exploratory drilling practices will have to be employed.

5.3

SOCIO-ECONOMIC CONSIDERATIONS

The Great Lakes basin and its immediate surrounds is one of the more important
economic areas of the world. With a 1970 population of about 35 million, the Basin is a centre for
heavy industries including steel, chemicals, paper, food products, machinery, transportation
equipment and general metal products. Production of steel, for example, is some forty percent of
the US. output and eighty percent of the Canadian production. The area is characterized by a very

high level of urbanization. Service activities have become a major source of employment and
income in addition to the manufacturing industries. Primary activities, particularly mining,
forestry and farming continue to be of major importance within the Basin.

5.3.1

Economic Effects of Dredging
Dredging is a service activity undertaken to support other activities. Reference to

Section 3.2, indicates that of the average 9.5 million m3dredged annually from the Great Lakes,
more than 90 percent of the work is undertaken primarily in the interests of commercial

navigation.

5.3.1.1

Navigation

There are about 180 ports in the Great Lakes basin served by commercial shipping. Of
these, thirty are currently maintained at a minimum depth of 8.2 m, (27 feet) the ruling depth
throughout the system. Improved channels that are maintained for navigation, including the
Welland Canal and the St. Lawrence Seaway, total some 250 km.

Waterborne transportation in the system amounts to some 215 million tonnes

es: iron
annually of which about 183 million tonnes are for the shipment of only four commoditi
was as
1970
year
the
in
ies
commodit
ore, coal, limestone and grain. The distribution between
shown in Table 5-2.
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TABLE 5 2
Waterborne Commerce

Great Lakes

St. Lawrence System,

1970

Tonnage

Commodity

10% net
85
45

Iron ore
Coal
Limestone
Grain

33
.39
183
25
7

Other
Overseas general cargo

215

(Source:

Regulation of Great Lakes Water Levels, International
Great Lakes Level Board, December 1973).

Approximately 275 vessels were used to ship the four major commodities at a cost of
about $340 million in 1970. To transport a similar quantity of these same commodities in 1975
would cost about $460 million at an escalated average cost of $2.50 per tonne.
At an average current basic cost of $2.00/m3 of sediment removed, excluding any
that may be incurred to minimize negative environmental effects, the total cost
costs
additional
of dredging for navigational purposes would amount to about $19 million per year. The direct
benefits attributable to the annual dredging program in the Great Lakes basin could be estimated
by aggregating the benefits of all individual dredging projects. However, reliable benefit-cost
estimates have been prepared for only a few projects.

That the overall direct benefits are substantial can be easily illustrated. The Great
Lakes Level Boardiestimated, for example, that an increase in the ruling depth of major channels
in the Lakes alone (excluding the St. Lawrence Seaway and the Welland Canal) from the present
8.2 m to 9.1 m would result in a 6.5 percent reduction in shipping costs in 1995 on account of the
four major commodities alone. This would amount to an annual saving of more than $30 million
in current prices. Such economies in shipping costs are obtained because larger ships have lower

operating costs per capacity ton than smaller ships. The differences in operating costs for some

classes of ships currently in service in the Great Lakes and Seaway system are illustrated in Table

5-3.

T

op.cit, Table 5-2.
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TABLE 5 3

Cost of Operation Per Day Per Capacity Ton (2000 lbs.)
(Estimated 1975 cost in cents)

Class of vessel

4
5
6
7
Notes:
i)
ii)
iii)
iv)

9.1

8.8

8.5

Ruling depth, metres
8.2 7.9 7.6 7.3

7.0

6.7,

6.4

6.1

78
60
48
4O

78
60
48
4O

78
60
48
42

78
6O
48
44

78
67
61
56

82
71
65
61

87
75
70
65

92
80
75
71

78
60
51
46

78
60
55
48

78
63
58
53

Costs of operation for 1975 have been approximated by
extrapolation from the original data.
Assumed freeboard is 0.46 metres under all vessels.
Assumed operating season is eight months.
Vessel characteristics are those of U.S. vessels used
in the iron ore trade as follows:

Class of
Vessel

Max. Capacity
(short tons)

4
5
6
7
(Source:

12,500
17,200
22,800
27,200

Draft at
Max. Capacity
m.

6.5
7.1
7.8
8.

Great Lakes Level Board, (op,cit)

Average
Speed
k.p.h.

26
26
26
26

lf, because of environmental considerations, dredging activities were reduced across
the economic
the board, resulting in a general lowering of the ruling depth throughout the system,

effects would probably be spread rather evenly throughout the region in the form of an increase
nts
of shipping costs that could become substantial. This, in turn, could result in slow adjustme
both
costs,
ation
transport
to
in the geographical location of those activities that are sensitive
States and
within the region and between the Great Lakes region and other areas in the United
Canada.
little sense, however.
A general reduction of dredging activities would make
to site. Benefits to
site
from
greatly
vary
Environmental effects of dredging are site-Specific and
of benefits, and
son
compari
ct
be obtained from dredging are also site-specific. A proiect-by-proie
ended in this
recomm
as
effects
costs, which would include an evaluation of the environmental
g activities in particular harbours
report, could conceivably result in some reduction of dredgin
probably result in readjustments in the
and/or channels. Such site specific reductions would

Basin over a relatively short period.
geographical pattern of certain economic activities within the
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The effects of such readjustments on particular activities and communities should be evaluated
carefully as part of the benefit-cost comparison of project alternatives.
Nevertheless, most dredging will continue and may even be increased whenever the
overall net benefit to be obtained justifies a higher cost to include the control of environmental
effects. Such extra costs can be high. Deposit of dredged material in selected areas remote from
the dredging site under controlled conditions may add from $2 to $5 per mlto the cost of the
dredging project. To this increase must be added the cost of preparing or constructing the disposal
site. The proposed disposal facility at Pointe Mouillee, for example, is estimated to cost about $36
million and would be used to dispose of some 14 million m3of dredged material over a ten»year
period. Over and above the capital investment for this disposal facility, the COE estimates that
extra transport distances from dredging areas to Pointe Mouillee increase the dredging cost by

from $1 to $3 per m .

Such additional costs of dredging are currently financed from general funds so that the
economic effect in the Lakes region is minimal. This form of financing is equivalent to a subsidy
on shipping costs in the Great Lakes.
If, on the other hand, such additional costs were to be charged in the form of levies to

shipping in the Lakes in general, or to those vessels which make use of the channels and harbours

where extra dredging costs are incurred for environmental protection, the direct economic effects
would be to cause an increase in shipping costs either throughout the Basin or within particular
sub-areas.

5.3.1.2

Mining and Land Reclamation

Dredging of some 970,000 m , or just over 10 percent of the total annual volume in the
Great Lakes, is carried out for mining and land reclamation purposes but of this total only a very

small quantity is borrowed for the creation of new land. Most such mining is for supply of
construction materials which consist generally of aggregate-quality sands. Since construction

materials are an essential requirement, a restriction on the overall amount of dredging for this
purpose would result in a shift to already limited land-based sources at higher economic and
environmental costs. A project-by project consideration of dredging as a mining activity should
include an evaluation of all costs, economic and environmental, of acquiring similar materials
from alternative sources.

3'

Confined Disposal Facility at Pointe Mouillee for Detroit and Rouge Rivers, Final Environmental Impact Statement
US Army Engineer District, Detroit, Michigan, March 1974.
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5.3.1.3

Fishing and Recreation

Dredging for fishing and recreation purposes is of minor overall significance. It
consists mainly of maintenance dredging in commercial fishery harbours, capital dredging for the
construction of new marinas and rehabilitation of old harbours for recreational purposes.
Commercial fishing in the Great Lakes basin remains a locally significant economic
activity. However, during this century, and particularly over the last twenty years, major changes
have occurred in the fishery resources of the Lakes. Fish considered to be prime species such as
lake trout, lake herring, Whitefish and walleye have suffered near extinction or at least a

significant reduction in abundance while other species, such as smelt and alewives have thrived.

Identified causes for such changes include overfishing, the invasion of sea lamprey and alewives,
introductions such as smelt, changes in land drainage and pollution. It is impossible to determine
how much of the overall change is due to pollution alone. It is similarly impossible to quantify the
effects of environmental changes imposed by dredging on the fish population.

U.S. commercial fishermen harvested 50.6 million kg from the Lakes in 1973 with a
value of $17.6 million. Comparable Canadian figures are 21.9 million kg with a value of $9.2
million.

Since only a few of the regular fishing harbours now in use require maintenance
dredging, any reduction of dredging activities would have a minor effect on commercial fishing.
Recreation is an activity of great significance in the Great Lakes basin. An approximate
estimate of the value of production of the tourist industry in recent years amounts to $1 billion.
Some indication of the extent of recreational use may be derived from recent estimates of Ontario

sports fishing which indicate some nine million angler-days were spent on the Great Lakes and
connecting channels in 1970, and accounted for expenditures of about $60 million.

Most of the dredging undertaken in support of the recreation industry is required for

the creation of new marinas and harbours of refuge. A reduction in dredging activities for this
purpose could result in a slower expansion of facilities and in a shift to areas which do not require
dredging. Some maintenance dredging is undertaken in public harbours which have beenmade
suitable for recreational boating. Recreation activities in a number of these harbours could suffer
from restrictions on dredging.

5.3.2

Derived Economic and Social Effects of Dredging
Dredging, while undertaken in support of other activities, is of itself an activity of some

significance in the Great Lakes region. It has provided employment for about 2,500 people in
recent years and paid wages of about $26 million annually.
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5.3.3

External Economic Effects of Dredging
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as a negative effect by other inhabitants of the area. Such an external cost is real but difficult to
quantify.

Benefits of a recreational nature accrue to all people who use a boat for recreational

purposes and who will make use of a new marina. External recreational benefits of the new marina

may accrue to third parties, for example those who like to watch the boats from the shore. External
water
costs may accrue to others who feel that boats interfere with their recreational use of the
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bodies and even to other boat users whose enjoyment is reduced by the addition of more
boats.
Environmental effects caused by dredging in the Great Lakes have most of the

characteristics of such external effects. They are frequently difficult to define and when

determined are difficult to quantify. The same effects are experienced as benefits by some people
and as costs by others and a simple comparison of benefits and costs may be impossible.
Secondary benefits and costs may accrue to many people living outside the boundaries of the
jurisdiction in which the dredging finds place.

5.3.4

Principles of Evaluation of Dredging Projects
Since both the direct and derived economic effects and the external effects of dredging

vary greatly from project to project, it is undesirable and even impossible, to formulate general
benefits
rules applicable to dredging projects. An attempt should be made to estimate the direct
project
the
of
and costs applicable to each project and to evaluate the derived economic effects
to
given
be
also
as compared to feasible alternatives or not dredging at all. Consideration should
well
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6.1
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those external effects that are likely to occur outside the jurisdictional
be identified, whenever
is located. Many of these effects cannot be quantified but they should
ance.
possible, in order to permit a judgement evaluation of their signific

5.3.4.1

Consideration of potential for multi-purpose projects
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lowest cost but the one with the highes
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in each case when a single-purpose project is proposed, the desirability of expanding the project
into a multi-purpose one. All costs and benefits, including the derived and external costs and
benefits, must be given due weight.
The recent practice of imposing limitations on dredged material disposal makes
multi-purpose projects particularly relevant. ln many cases excavated materials must now be
deposited within specially prepared areas rather than being dumped in the lake. With proper
planning, and perhaps at some extra cost, it may be possible to utilize such deposits for industrial
and residential sites or for the creation of attractive park lands. The quality of the material is
frequently a factor limiting potential use for such purposes but there are already examples of
beneficial uses which illustrate that more attention should be given to the multi-purpose
alternatives of dredging programs.

One such example of the positive use of dredgings is a recent program undertaken by
the Government of Canada and the Toronto Harbour Commission. For future expansion of Toronto
Harbour, a major dredging project is being undertaken to provide a new channel to the existing
inner harbour and to increase the depth in the new outer harbour. The dredged materials, about
7.5 million m", are being deposited along the East Headland which protects the outer harbour.
Supplemented with borrow material excavated from construction sites in the city, the dredgings
are being used to create an aquatic park, including about 75 hectares of new land. No estimate
has been made of the value of this new park area but it is obvious that any other means of creating
such additional land near the centre of Toronto would have been far more than the estimated $10
million cost of dredging undertaken for the purpose of harbour expansion. The fact that most of
the dredged material consists of relatively clean sand makes this elegant solution of a disposal
problem particularly attractive. Materials of poorer quality may lend themselves less easily to
similar treatment but it may be possible to find a positive use for even rather poor quality material
in many situations.

5.4

ENVIRONMENTAL ASPECTS

As already noted, nearly ten million m"of bottom materials are dredged annually and
redisposed throughout the Great Lakes and their connecting channels. This magnitude of activity
alone is sufficient to warrant investigation into the environmental impact of such operations.
Moreover, bottom sediments at many dredging locations incorporate agricultural, urban and
industrial contaminants. The Working Group s investigations have been directed, firstly, toward
a broad review of the effects which dredging operations can have, either directly or indirectly, on
the ecology of the Basin and the associated water uses; and secondly, on the development of an
integrated approach to project formulation and evaluation whereby environmental effects are
identified early enough to facilitate consideration of project alternatives and design modifications
to achieve optimum solutions.
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While the deleterious aspects are frequently emphasized, dredging operations can
have beneficial effects on lake ecology. Examples include the creation of additional wetlands and

the improvement of habitat through removal or blanketing of polluted bottom materials.

The impact of a dredging or disposal activity on the surrounding environment is

influenced by many factors. Those that are more commonly recognized include: the nature and
quantity of material to be handled, the equipment and techniques employed in the removal,

transportation and disposal of the dredged material as well as the history and characteristics of
the dredging and disposal sites. In identifying the aquatic environmental impacts which are
experienced at the sites of dredging activities, it must be recognized that these same locations are

being subjected to other, concurrent, man-induced and natural stresses. Quantification of these
impacts is a developing science and many aspects cannot yet be adequately defined. Information
specific to the impact of dredging and open-water disposal on biological communities in the Great
Lakes is extremely scarce.
Although dredging followed by open-water disposal of materials is a well-established
procedure, the aggregate effects of this activity together with the waste disposal practices of lake
communities are being viewed with concern. Furthermore, all water management practices must
be examined critically, to ensure that returns from expensive remedial measures to control some
practices are not jeopardized by shortcomings in others. This is certainly the case in open-water
dredged material disposal, where both nutrients and toxic substances, are redistributed to
interact adversely with biological communities. Since both nutrients and toxic substances are now
included in early-stage point-source control programs, it is appropriate to determine if open-water
disposal practices are counter-productive to management for water quality improvement.
Recent studies of diffuse sources of pollutants such as derived from urban and rural
land drainage suggests that a considerable potential for contamination of natural sediments will
continue which, moreover, may not be practically controlled. Therefore, it is concluded that it
would be unwise to assume that confined disposal will not be required as a consequence of
point-source control. On the other hand, confined disposal sites are already proving difficult to
obtain and, as discussed in Section 5.3.1.1, are likely to become even more costly in the future.
It is recommended that such sites be developed and utilized only for spoils which are toxic or
otherwise so heavily contaminated that no other reasonable course of action is available.

One of the more meaningful indicators of the effects of dredging on the environment
is the status of the benthic communities in those restricted areas where dredging is carried out

or dredged material is deposited. The widest diversity of benthic community inhabits the shallow

waters of the nearshore and offshore zones of the Lakes within which the bottom strata are
affected by wave action, either by breaking waves in the beach and nearshore zones or by orbital
movement of the waters in more-outerlying nearshore and offshore zones. Some 5 percent of the
total surface area of each of the Great Lakes lies within these zones which correspond
the
approximately to the 18 m depth line in Figure 5-A, with the exception of Lake Erie where

affected area is nearer 20 percent.

In channels that are maintained by dredging, the bottom surface sediments usually
conducuve to the
consist of loose materials containing a variety of contaminants that are not
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preservation of desirable aquatic communities. As a consequence, the potential for damage to
benthic and aquatic resources caused by the dredging phase is greater in the case of new work
than for maintenance dredging. On the other hand, the potential for causing environmental
damages as a result of the disposal operation is greater in the case of maintenance operations
because those dredgings are more likely to contain harmful contaminants.
As already noted, the dredging process involves three interrelated procedures: the
excavation, transport and disposal of the dredged material. By definition, each activity involves
disturbance of in-situ conditions and hence environmental change. The extent and intensity of
phySical disturbance will be functions of the material being dredged and the type of plant utilized
whereas the biochemical severity of the environmental impact on the biota will be determined by
the nature of the existing ecosystems at each of the locations involved.
While the environmental effects of dredging and materials disposal could be classified
in different ways, a short-term, long-term differentiation has been found to be appropriate. In
essence long-term effects are those which show evidence of persistent impact over an extended
period that represents more than one cycle of change in the physical, chemical and biological
systems affected by the activity. However, since the cyclic frequencies of such systems vary
greatly, long-term effects cannot be related to a fixed time frame. By contrast, short-term effects
are directly related to the physical, chemical and biological changes that occur during and
immediately after the dredging program. Long-term effects, which arise as a consequence of
short-term modifications to regime conditions, are generally difficult to isolate and even more
difficult to predict due to the dynamic involvement of many other factors whose degrees of
interdependence are not as yet fully understood.

In the following sub-sections, the principal recognized short- and long-term effects of
concern are discussed and illustrated, where possible, with experience data.

5.4.1

Excavation

During the excavation phase of a dredging operation, the more commonly experienced
short-term effects include:

-

creation of turbidity and reduction of light penetration,
disturbance and destruction of aquatic organisms and
habitat,
resuspension of contaminated materials in the water
column,
dissolved oxygen depletion,
ped in the
release of nutrients and other materials entrap
sediments, and
creation of floating scum and debris.
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dredges in the Great Lakes, particularly for maintenance operati
be most readily controlled in operation
the most versatile of the available hydraulic plant and can
rotation speeds can be adjusted to
from the environmental viewpoint, especially when cutter
suction capability. The action of the
match the rate of material displacement to the intake
bance and local turbidity which, in
cutterhead is believed by some to give rise to significant distur

of fine materials. However, no
the presence of bottom currents could result in considerable loss
this belief and an opposing view
specific data are available which would establish a firm basis for
ty effects to a minimum.
suggests that the suction is normally sufficient to keep turbidi

h constant monitoring of
Efficiency of operation is controlled by the operator throug
levels which can be maintained without
vacuum and pressure gauges to the highest steady
enced operator thus achieves a balance
choking the intake or clogging the discharge. An experi
suction capacity of the plant. As natural
between the material dislodged by the cutterhead and the
d quickly to indications of overloading
variations in the sediments occur, the operator must respon
may occur and necessitate raising the
of the suction intake otherwise complete clogging
materials are encountered it is probable
cutterhead clear of the dredging face. When very loose
these sediments beyond the pull of the
that the rotation of the cutterhead disperses some of
the dredging head. Although careful
suction intake thereby giving rise to turbidity around
ons in bottom strata can only be
variati
operation may be expected to minimize such effects,
changes through response of the
such
ng
compensated for by the skill of the operator in detecti

vacuum and pressure gauges.

environmental impact of the
Concern has also been expressed over the potential
the turbulent wake of the self-propelled
hopper dredge. The dragging of the suction intake and
bed throughout the area being dredged.
vessel create considerable disturbance at and near the
initial filling of the hoppers in an effort
In addition, it is usual practice to continue pumping after
As the hopper settling capacity becomes
to increase the solids content of the retained load.
rained materials back overboard thereby
reduced the overflow inevitably transports the finer-g
, if present, in the surrounding water
adding to turbidity and the resuspension of contaminants
column.
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This overloading practice can, of course, be avoided in situations where polluted

sediments are being dredged or where excessive turbidity is unacceptable. The additional cost of

dredging under such constraint, however, may be significant due to the decreased pay load and
extra travel time between dredging and disposal sites. Nevertheless, tests carried out by the Corps
of Engineers in Saginaw Bay, Michigan in 1968 indicate that, at least for the very fine-grained

materials present at that site, conventional loading practice with hopper dredging plant resulted

in approximately the same concentration of solids being washed overboard as were being
dredged.

ln non-polluted harbour and open-water areas where dredging for navigation or

aggregate recovery takes place, the creation of excessive turbidity and disturbance of the benthos

may be significant. Increased turbidity is usually a short term effect and tends to be more severe

in flowing channels than at quiescent lake sites, but colloidal and flocculated materials, in
particular, will remain suspended and travel considerable distances before resettlement even in
very low energy currents. Nevertheless, fish mortality (which can result from clogging of the gill

filaments and opercular cavities) is unlikely at suspended sediment concentrations found even at

dredging locations. Tests in an Alabama estuary indicated that there was no significant mortality

or debilitation in either fish or shellfish during dredging. Dredging activities in shallow bays and

lagoons did not increase oyster mortality and apparently had no effect on spawning and setting.
While dissolved oxygen reductions in the water column at the sites of dredging operations have
been observed they have generally been of short-term duration and limited significance. Providing

the water remains aerobic, however, the exchange of constituents between such resuspended
sedimentary materials and the water is minimal.

Although there is, to date, very little precise information available concerning the
release of nutrients, gases and toxic materials into the water column during sediment excavation,
it is generally considered that dredging of significantly polluted sediments is of limited
environmental consequence. Indeed, by increasing water circulation and reducing the rate of
oxygen depletion, the long-term effects are more likely to be beneficial. In a few cases, however,
where heavily contaminated materials were excavated adverse environmental effects have been
reported. A mass mortality of sticklebacks and shiners associated with the dredging of cedar bark

deposits has been observed in Alberni Harbour, B.C.

Measurements taken before, during and after dredging at Port Stanley, Ontario in
1974 indicated that both total and reactive phosphorous concentrations increased in the water
column and that some release of heavy metals appeared to have taken place. However, since the
concentrations of heavy metals in the overlying water during dredging were not significantly
higher than before dredging commenced, the amount released was not considered to have been
demonstrated unequivocally. Higher concentrations were, nevertheless, measured after dredging
was completed.

Biological determinations at Port Stanley indicated that removal of the substrate
resulted in extensive depletion of the macroinvertebrate population. Resampling six weeks after
completion of the eight-week long dredging program showed that, while the copepod population

had recovered to pre-dredging numbers, oligochaetes were present at a level of less than 15
percent of the pre-dredging abundance.
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ng are related primarily to
Long-term effects of the excavation phase of dredgi
community. The formation of trenches or
modifications of bottom geometry and the benthic
of the bottom tends to create pockets of
isolated areas of overdredging below the general grade
ration of the biologic communities are
stagnant water wherein oxygen depletion and the degene
more likely to occur.

5.4.2

Transport of Dredged Materials

ortation phase of dredging
Environmental impacts of concern in the material transp
nance. Mechanical dredges all transfer the
are related to operating techniques and plant mainte
sites, or into trucks or scows. To reduce
excavated material either directly to adjacent dump
is essential that buckets and bottom-dump
turbidity and careless spreading of the material it
tight fit at closure. Buckets may need to be
scows are maintained in good condition to ensure a
be restricted as to load limits whenever
shrouded to avoid overloading and scows may need to
g should be confined to the dredging
wave action is likely to cause significant losses. Deck washin
al site.
area and cleaning out of scow hoppers to the dispos
hopper dredges or by slurry
With hydraulic dredges, transport is either in bulk as with

s. Apart from badly-fitting couplings,
in a pipeline as with the plain and cutter suction dredge

e transportation is unlikely to occasion any
breaks and other maintenance difficulties, pipelin
dredge, however, is subject to a similar
significant environmental impact. The trailing arm hopper
ical dredges. During the transport of
range of environmental impact concerns as are the mechan
be considerable if the hopper gates are
a load between dredging and disposal sites, losses can
hopper dredges usually swing across the
poorly-fitting. Where open<water disposal is permissible,
affected. Deck-washing during transit
disposal site without stopping thereby increasing the area
bance.
also contributes to the overall spread of turbidity distur

5.4.3

Disposal of Dredged Materials

dredged from the harbours
Traditionally, for maximum economy, disposal of materials
at the most convenient
place
taken
has
and shipping channels through the Great Lakes system

this practice will be permitted
of many designated open-water dumping locations. In the future,

ment indicates that the adverse shortonly in those situations where environmental impact assess
When contaminated sediments are to
and long-term after effects can be considered acceptable.
ons exist, alternatives to open-water
be disposed of, or otherwise potentially critical conditi

land and confined disposal
dumping will need to be found. These include unconfined disposal on
either within the aqueous environment or on land.
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5.4.3.1

Open-water Disposal

While open-water disposal of dredged sediments can be expected to cause some

environmentally adverse effects in the disposal area during the dumping process, a number of
potentially beneficial results of this disposal practice can also be identified. In situations where

the sediments being dredged are suitable as to size gradation and freedom of toxic contaminants,
such effects include beach nourishment and enlargement, creation of improved fishery habitat,
construction of hydraulic landfills and blanketing of more heavily polluted bottom sediments.

Nevertheless, it is now recognized that the practice of dumping dredged material, even
in designated deepwater areas can lead to water quality degradation. Even if the material is not
contaminated sufficiently to warrant its complete removal from the aqueous environment,
open-water disposal may still be unacceptable in areas where blanketing of the benthos will result
in elimination of, or damage to, the fishery habitat or in the reduction of light penetration which

would result in a significant decrease in the photosynthetic productivity.
In terms of the physical effects, turbidity increases and blanketing of bottom areas are
the most evident. The size of a turbidity plume in a given situation will depend on the rate of
volume displacement of sediment and the intensity of currents in the area of disturbance. While
very little can be done to avoid turbidity effects, experimental trials have been made with
temporary curtains surrounding the disposal area to reduce the spread when dumping from
surface scows. The procedure, if effective at all, is applicable only in quiescent conditions. If
avoidance of excessive turbidity within the epilimnion is of principal concern, dredged material
could be transported to the disposal site by pipeline and deposited near the bed.
The results of blanketing bottom areas are most often biological in nature and are
discussed hereinafter. However, long-term physical benefits of this procedure include isolation of

contaminated sediments in-situ from the surrounding aquatic environment and the formation of
disposal mounds which may provide refuges for fish populations.
With regard to the chemical effects of open-water disposal, it would appear that the
most important factor in determining the significance of environmental concern may be the
dilution of the material to be expected at the disposal site. A gradual breakdown of organic
contaminants takes place on the lake bed through the interactions of many types of organisms.
In the event that dumped materials contain excessive amounts of pollutants, the dilution effect
may not be sufficient to maintain the pre-disposal status and extensive changes can occur. If
conditions remain aerobic, bio-chemical processes would be relatively rapid and complete so that
return to a satisfactory situation could be anticipated. If, on the other hand, anaerobic forms gain
ascendency, the biochemical reactions are usually slower and frequently incomplete so that

further degradation generally follows. ln particularly adverse situations, where contaminated toxic
wastes have been continually or regularly dumped in a lake environment, it has been observed

that even the pollution-tolerant benthos have been eliminated and the affected areas have ceased
to be biologically productive.
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Apart from the possibilities for actual poisoning of species by toxins contained in
dredged materials, the chemical effects of disposal are generally of a long-term nature. Thin-layer
in the
additions of contaminated fine-grained materials to the bed can lead to an increase

oxygen-depletion rate. While unlikely to be critical in isolation, the concurrent effects of other
of
factors as well as the seasonal variations in dissolved oxygen now experienced in certain areas
interface
ater
the Lakes, could result in the creation of reduced conditions at the sediment-w

sufficient to facilitate regeneration of contaminants into the water column under low energy

include
current disturbances and in the production of noxious gases. Concomitant effects
and
ration
bioconcent
through
depletion
population
and
aggravation of eutrophic tendencies
biomagnification.

The biological effects of open-water disposal are many and pervasive. Though not at
the present time very clearly defined, and in some areas somewhat contradictory, a number of

preliminary conclusions can be drawn from the available results of surveys undertaken at the Port

benthic
Stanley and Mitchell Bay dredging projects. It would appear that damage to
is
There
temporary.
only
is
disposal
material
dredged
by
macroinvertebrate communities caused
and
can
dredgings
the
in
present
metals
heavy
some evidence to indicate that contamination by
does occur, but more research is required before this can be stated conclusively. Effects on
phytoplankton and zooplankton appear to be transitory and related more specifically to

aggravation caused by nutrient release from the dredged material and concomitant eutrophic
tendencies of the water mass. Preliminary analyses of the fish data indicate that alterations in
abundance and distribution of fish are transitory and related to the specific dumping events.
Experience data from the Port Stanley, Mitchell Bay and other investigations are reviewed
hereinafter.

5.4.3.1.1

Effects on Benthic Macroinvertebrate Communities

Published evidence indicates considerable variability in the response of bottom fauna
to dredged materials disposal. The extent of damage can range from slight and temporary to

devastating and longvterm, and is dependent on a number of factors including species

composition, quantity and type of materials to be removed and the duration of disposal
activity.

The U.S. Army Corps of Engineers reported in 1968 that disposal of wastes from the
Great Sodus Bay Channel to Lake Ontario caused no significant damage to lake benthos,
apparently because of the presence of an assemblage of rather tolerant chironomid species. In
contrast dredged material disposal of Chesapeake Bay muds caused a marked reduction in
numbers of benthic individuals, species diversity index, and dry weight in the disposal zone
immediately after dredging. However, recovery was complete with respect to all three criteria
eighteen months after the cessation of dredging activities.

Devastating and long-term damage to the bottom fauna from dredged material
disposal appear to be functions of both the quantity and nature of the wastes involved. Disposal
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of Cleveland Harbour and Cayuga River sediments in Lake Erie increased the benthos in most of
the disposal zone just after commencement of dumping but, with continued disposal in the same

location, populations decreased, suggesting both toxicity and lateral spreading of materials. It was

also shown that the total number of benthic macroinvertebrates and species diversity were
severely reduced at a dumping ground used for organic sludge and debris. The Sandy Hook Marine
Laboratory found the New York City disposal site for sludge and dredged sediments to be
completely devoid of benthic organisms. However, in this case, the extent of damage caused by
the dredgings alone was difficult to determine because industrial and sewage sludges were also
being dumped in the same area.
The responses of two benthic macroinvertebrate community components to disposal
at the Port Stanley site are illustrated in Table 5-4.

TABLE 5 4
Effect of Dredged Materials Deposition on
Chironomid/Oligochaete Sample Population Numbers.

Chironomids (c)
Oligochaetes (o)
Ratio czo

Before
Dredging

During
Dredging

(Aug 1973)

(Sept 1973) (Nov 1973)

71
37
1.8

34
48
0.7

Immediately
One Year
After Dredging After Dredging

51
132
0.4

(Aug 1974)
86
63
1.4

The chironomid population decreased during disposal, but had exhibited noticeable
recovery by August, 1974. The oligochaete population on the other hand generally increased

during the disposal program, but had declined somewhat by August, 1974. Since the Port Stanley
there was
dredgings were found to be inhabited predominantly by Oligochaetes, it appears that

recovery of chironomids to populations of one year earlier. Clam and snail populations, which were
and
abundant at some stations prior to disposal, exhibited little recovery at some stations
moderate recovery at others.

biological
In addition to the potential problems that are primarily physical in nature,
on ofvthe
communities are also subjected to stresses that are related to the chemical composm
shrimp
and
crabs
fiddler
that
example
for
rated
materials being deposited. It has been demonst
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accumulated being
accumulated Aroclor 1254 by ingestion of sediment with the amount
Kingdom, it has been
directly related to the concentration present in the sediments. In the United
toxicants caused
other
and
s
PCB
g
observed that the disposal of sewage sludges containin

on dredged
contamination of both sediments and benthos. In contrast, however, studies

nt increase in
sediments contaminated with up to 2000 ppm of toxaphene indicated no significa
and disposal activity.
toxaphene residues in either oysters or sediment as a result of dredging
ations of
Analysis of muds from the Lake Erie disposal site indicated similar concentr
harbour, whereas
total phosphorus, lead, zinc, cadmium and mercury to those in Port Stanley

ations
samples collected one and two miles west of Port Stanley exhibited markedly lower concentr

ates from the
of all the above parameters, except mercury which was similar. Some invertebr
these data is
on
error
ntal
disposal site were analyzed for mercury content. While the experime
O.19 1.7
probably high (i 50%) as a result of the small sample size, concentrations between
pg/g for oligochaetes and averaging 0.36 lug/g for chironomids were obtained.

5.4.3.1.2

5.4.3.1.2.1

Effects on Phytoplankton and Zooplankton

Phytoplankton

Turbidity controls the effective energy available for photosynthesis, and may cause
project in
reduced rates of primary production and algal reproduction. However, at a dredging
disposal
r
open-wate
Chesapeake Bay no gross effects on the phytoplankton were observed from
of fine materials when light penetration was reduced for short periods of time only.

Antithetically there is evidence to indicate that open-water disposal of dredged
of
materials causes nutrient enrichment in receiving waters. Data collected by the Corps
disposal
material
dredged
the
in
Engineers indicate that the soluble phosphorus concentration
overflow at Great Sodus Bay was 0.2 ppm, twice the ambient level in the water. Similarly, disposal
s
of dredged materials in the lake waters outside Cleveland Harbour increased the total phosphoru
s
by a factor of 10 and the total nitrogen by 5 to 10 times ambient concentrations. Total phosphoru
ambient
over
,
respectively
1000
and
50
of
factors
by
and nitrogen concentrations were increased
levels in the immediate vicinity of a dredged material discharge pipe in Chesapeake Bay.
Short term in-situ bioassays to determine primary production of incubated natural
phytoplankton taken from the Port Stanley disposal area after dumping showed no obvious effects
on the phytoplankton. There was no evidence of toxicity on algal cultures in dredged material
concentrations as great as 2 percent v/v of leachate, but the stimulation of algal production was

pronounced.
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5.4.31.2.2

Zooplankton

The mean 24>hour LC5O of the zooplankton population at Port Stanley, as determined
by probit analysis, was 2.3 percent v/v (n = 3). Similar evaluations using dredged materials from

the Lake St. Clair cutoff and Chenal Ecarte were not significantly different. Zooplankton mortality

may have been due to a combination of stresses from oxygen depletion, the toxic action of heavy
metals, or interference with the feeding process. Support for the latter suggestion has been found
in investigations of other relevant situations.

Oxygen levels at termination of the 24-hour bioassays were usually from 1 to 2 mg/l.
Concentrations of dredged material needed to kill 50 percent of the population were about 3
orders of magnitude greater than the observed turbidities resulting from disposal. Thus damage
to zooplankton by dredged material disposal is probably a short-term effect of local
significance.

5.4.3.1.3

Effects of Dredgings Disposal on Abundance and
Distribution of Fish

including
Effects of dredging activities on fish can be related to numerous factors
contamination of both
physical damage and destruction of spawning and feeding areas, chemical
oxygen conditions. However,
food and water by heavy metals, pesticides and other toxicants and
to dredging and much of this
only limited information is available from fisheries surveys related
is not specific to the Great Lakes situation.

ed that dredged solids
While some surveys and laboratory experiments have indicat

tiate these findings. An
can be toxic to fish, the majority of on-site observations do not substan
at the
fish eggs and larvae showed that,
evaluation of the effect of dredging in Chesapeake Bay on

in good condition and there was
times of disposal, larval fish that were collected were alive and
Chesapeake
cial gill netting of fish in
no indication of mortality following the exposure. Commer

al disposal and four species of fish
Bay revealed no consistent change related to dredged materi
e lethal
al site effluent did not reveal the presence of any massiv

placed in cages near the dispos
ial tissue from eleven species revealed no
factors. Microscopic examination of gill epithil
damage.

by a reduction in dissolved oxygen
Disposal of dredgings has often been accompanied
in the water
example there was a depletion of 35 percent

in the water column. At Cleveland for
s in the
e Laboratory noted dissolved oxygen value
at the disposal site. The Sandy Hook Marin
s in
value
n
oxyge
lved
disso
2 to 3 mg/l lower than
bottom waters above disposal beds to be
uncontaminated areas.

at the Port Stanley disposal site than
In September, 1973, fish abundance was greater
and
ely five months after the 1973 dredging program
adjacent to it. During April, 1974, approximat
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a similar interval prior to commencement of the 1974 dredging activities, a study covering the
disposal area and a reference region was conducted. Abundance was generally less by some 60

percent than that indicated in fall 1973 catches, but all areas appeared to have reasonably

abundant and homogeneous species distributions. Fish were sampled again in 1974 during the
period of disposal. Generally, rainbow smelt dominated the catches, followed by emerald shiner,
alewife and gizzard shad with the greatest abundance of fish evident near the bottom.

Preliminary analysis of the Lake Erie data indicates at least localized changes in the
distribution of pelagic fish. Cessation of dredging activities resulted in resumption of normal
distribution patterns. Although only the short-term and within-season effects of dredging have

been examined, the data suggest that alterations are related directly to the specific dumping

events.

5.4.3.2

Unconfined Disposal on Land

Land disposal of dredged material in unconfined locations may be used beneficially to
enhance beach areas, create wetlands habitat or reclaim additional land areas for parks or other
development purposes. When the disposed material is very fine-grained with poor engineering
properties, the reclaimed site may subsequently have very limited utility. If the material to be
disposed contains toxins or persistent contaminants an unconfined disposal site will usually not
be considered acceptable.

ln all cases, it is necessary that the interim and ultimate utilization of the disposal site
be carefully considered before dumping commences. The engineering properties of the materials
to be dredged must be assessed and planning of the disposal site recognize any limitations that
may be imposed by material characteristics. Beach nourishment projects require materials having
a low percentage of fine-grained constituents. Project design aspects include an evaluation of the
wave and littoral drift characteristics of the proposed site, consideration of the need for
stabilization structures, such as groynes, to retain the desired configuration and assessment of
the various alternatives for distribution over the disposal area, especially if it is to be used several
times over a number of years to support an ongoing program of regular maintenance dredging.

Wetlands can be created with finer-grained materials and the degree of sediment
contamination is not as critical as for beach nourishment. Planning for the use of dredged
material to develop such a facility must consider water-level fluctuations, erosion control and
cover crop establishment, wave energy and degree of exposure and, in the case of polluted

sediments, potential health hazards to the anticipated waterfowl inhabitants.

Land reclamation projects utilizing dredged material must pay particular attention to
the relationship between sediment characteristics and subsequent land use. In situations
where
a significant percentage of fine-grained constituents is to be anticipated, the engineerin
g

properties must be determined carefully so that retention bunds can be properly designed,

settlement and bulking aspects determined and probable ultimate loading capacities assessed.
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Site utilization over an extended period
must be carefully planned to avoid creat
ion of dangerous
or nuisance interim conditions.

5.4.3.3

Confined Disposal

The concerns expressed above with regard
to land reclamation are even more critical
when the dredging proponent is faced with
a need to confine the excavated material either
because it is grossly contaminated or because
its engineering properties are unsuitable for most
beneficial forms of subsequent land use. The costs
of such confined disposal sites are usually such
that multiple use is desirable. Thus interim conce
rns may be more significant than the long-term
situation when, for instance, contaminated sedim
ent dumps containing toxic pollutants could be
covered with clean material once use of the site
for disposal is to be discontinued. Additional
problems that may have to be considered
include seepage control and groundwater
contamination, odour suppression, surface
drying and wind erosion control, supernatan
t
treatment and disposal, contaminant transfer
to the external environment by wildlife vectors,
surface drainage control and aesthetic aspects.

To date very little information has been gathered on
the environmental consequences
of confining contaminated dredged material. Prelim
inary evaluations of the effects of disposal
within an artificial island in Mitchell Bay indicate no
disturbance of benthic macroinvertebrate
populations within 200 m of the island. Samplings of
Gammus sp. adjacent to the island exhibited

mercury levels of 0.17 pg/g while

oligochaeta at 500 to 1000 m distance had levels in the range
0.06 - 0.09 lug/g mercury. These levels can be compared with
the preliminary values from Lake
Erie

of 0.19 to 1.7 ,ug/g for oligochaeta and 0.36 lug/g for chironomidae
as discussed in Section
5.4.3.1.1.
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6 .0

PROJECT EVALUATION

standpoint
The approach to evaluation of dredging projects from an environmental
tion of
preserva
the
Firstly,
must, of necessity, proceed with two fundamental objectives in view.
d.
minimize
are
impacts
viable aquatic and terrestrial ecosystems requires that deleterious
society.
to
of the net benefits
Secondly, socio-economic considerations dictate an optimization
s of society as a whole,
concern
the
as
viewed
when
le
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These dual objectives are mutually
the primary project
to
costs
ng
minimizi
of
principle
but do not necessarily accord with the
an unavoidable
simply
but
society
to
asset
proponent. Dredged material may represent a useful
are considered
impacts
the
if
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cost for its disposal to a project proponent. Thus a conflict
of the project
terms
in
only
ed
from a broad environmental perspective while benefits are consider
g
ad, requirin evaluation of
proponent s needs. Since the potential impacts are by nature widespre
amenities which may be
all resource use concerns, it is only appropriate to consider the potential
achieved in the same context.

6.1

CRITERIA AND GUIDELINES

nt
Comprehensive evaluation of dredging projects from an environmental standpoi
acting
biologic)
and
involves consideration of a complex of potential impacts (physical, chemical
their short- and
between
iated
different
be
often
must
impacts
Such
upon a range of resource uses.
be ranked
must
aspect
each
and
influences
indirect
and
long-term effects as well as their direct
unique
stics
characteri
certain
have
will
project
Any
according to its deleterious or beneficial value.
ts
componen
project
the
amongst
es
to its specific environment. Consideration of alternativ
introduces additional sets of variables.

The Great Lakes Water Quality Agreement of 1972 introduced an overriding set of

to pollution
environmental objectives, some of which are site specific while others relate
a
introduces
aspect
latter
This
quality.
water
wide
lake
of
abatement or to the maintenance
total
this
of
relation
the
and
activities
dredging
of
requirement to assess the aggregate influences
Quality
to other deleterious impacts. (See Appendix A for details of the objectives under the Water
regarding
questions
two
referred
Agreement, 1972.) It may also be noted that the Working Group
dredging impacts to the Great Lakes Water Quality Board. The first of these requested the Board's
view on the necessity or desirability of establishing the mixing zone in connection with dredging
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Operations. The Board has indicated that the designation of a mixing zone is the responsibility of
the appropriate jurisdiction, although the Board does not believe it is necessary recognizing the
Short-term nature of the impacts of dredging activities. The second question related to

assessment of the contribution of dredging to nutrient loadings in the Lakes, with particular
reference to phosphorus. The Board has indicated in its reply, which is reproduced as Appendix

D herein, that this matter will be dealt with as appropriate through amendments to Annex 2 of

the Water Quality Agreement following completion of research into availability of phosphorus in

sediments.

It must be recognized that many of the impacts likely to arise can have both positive
and negative aspects when considered with respect to different uses and, moreover, may offer
both amenity and disamenity effects with respect to the same use when characterized as either
short- or long term impacts. Sub-lethal effects upon the benthos and lower-order species of
aquatic organisms may become lethal to higher-order species over the long-term. Some impacts
are discernible only overthe short-term but residual effects may nevertheless persist such that
aggregation of a series of similar impacts could impose long-term constraints upon the viability
and stability of the biologic community. Physical changes at a specific location may trigger a chain

of regime alterations which would result in destabilization of the coastline or bedform at some
distance from the site of the primary modification.
In evaluating how best to proceed with a dredging project, each use and the potential
influences of a particular course of action must be weighed and compared amongst the
alternatives available. Whilst the principle of least cost will undoubdtedly continue to be

overriding in most public works, it is the opinion of the Working Group that for dredging projects

the criterion should be an optimization of net benefits . Although the proponent of a dredging
project will continue, as in the past, to have a particular purpose in view, to accomplish the work
in an environmentally acceptable and socially optimum manner will require evaluation of all
practical alternatives.

It is apparent from this review of dredging activities and of the potentially deleterious
and beneficial aspects which may arise, that there are too many variables involved to provide more
than general guidance for project evaluation. It is, therefore, recommended that future

evaluations of dredging projects be site-specific, bearing in mind that the water quality objectives
which have

beenestablished in the Great Lakes Water Quality Agreement are overriding, as well
as are any more-stringent objectives imposed by local authorities.

A detailed evaluation leading to the selection of an optimum approach to the execution

of any dredging project requires the correlation of all pertinent impacts as discussed in the
foregoing. Concerns regarding each environmental aspect with respect to the waters of the Great
Lakes basin, are most readin understood in terms of the availability and utility of resources as
well as in terms of health hazards, safety, physical stability, nuisance conditions, and the stability
of the aquatic ecosystem and its biomagnification potential.
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der.
The nature of the foregoing concerns is discussed hereun
of humans, as resource users.
Health concerns are related to the physiologic well-being
tegories of industrial water
Thus, under recreation and public, private and sub-ca
which must be evaluated.
supply it is the potential impacts upon public health
conditions, which, whilst not
Nuisance concerns relate to objectionable or offensive
s use of resources. At one
man
limit
or
t
impinging directly upon public health, restric
, while at the other,
redress
extreme a nuisance condition may be subject to legal

ii)

effects are subjectively displeasing.

ary or long-term presence or
Resource availability concerns relate to the tempor
is subject to the influence of
absence of that part of the natural environment that
l stability and resource
dredging operations and involves considerations of physica
augmentation or diminution.

iii)

iv)

V)

vi)

s and losses to society through
Utility concerns express the social and economic benefit
ary or permanent, direct
changes in the status of resource availability whether tempor
or indirect.
erosion, accretion or static
Stability concerns relate to the physical regimen of
r there is likely to be change
whethe
conditions prevailing prior to project execution and
alter current patterns
induced at the project site or at nearby locations which would
g in an active channel,
and velocities. Thus judicious design may reduce shoalin
although deposition may occur elsewhere.

s in resource availability
Safety concerns relate to hazards, either imposed by change

these concerns include
or perpetuated by an avoidance of change. It may be noted that

le channel and as a
conditions arising through failure to improve a navigab
under increasing use, may
consequence perpetuate a hazardous condition which,
nmental damages.
result in substantial losses and potentially serious enviro

vii)

of healthy, balanced
Ecosystem stability concerns relate to the maintenance
nt foreshore zone.
epende
interd
the
and
ecosystems, both in the aquatic environment
pelagic life forms
and
benthic
all
ng
With reference to the aquatic ecosystem, includi
be affected by
may
which
and the interdependent terrestrial ecosystem, both of
species and
ual
individ
changes in water quality, the physiologic health of the

populations must be considered.

viii)

to the ecosystem
Biomagnification potential reflects a special aspect of health concern
to ingest and
species
rder
lower-o
of
ty
and ultimately to the public through the capabili
may not
kton
zooplan
and
concentrate toxic substances. Although the phytoplankton
stages
ing
succeed
through
exhibit adverse reactions, further concentration of a toxin
rder
higher-o
to
of the food chain may present a definite sub-lethal or lethal impact

and its
predators. Mercury conversion by bacteria from insoluble to soluble forms
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subsequent absorption into the food chain is a classic case of biomagnification leading
to toxicity.

In Table 61, following, the foregoing environmental concerns are related to the Great
Lakes. The table is divided into two parts. The first part deals with man s use and enjoyment of
the resources for recreation, water supply, shore property, navigation and materials recovery. The
second part addresses concerns from the viewpoint of the ecologic resources and relates to the
conservation of an environment capable of sustaining a healthy, diverse and balanced ecosystem.
Quite obviously, for the purposes of this report, it is impractical to treat all of the
inter-relationships and dependencies which may arise in comprehensive detail. However, the
illustrative examples and comments presented are indicative of the broad spectrum of direct and
indirect impacts which should be assessed in the project evaluation process.

TABLE 6 1

SUMMARY OF ENVIRONMENTAL CONCERNS
PART I

Resource Aspect

RESOURCE USES

Remarks

Environmental Concern

1.

RECREATION

1.1

Body Contact Health Dredging activities may temporarily degrade water quality to
unacceptable levels for sports
involving whole or partial body
contact. Effects are likely to be

marginally harmful and of short

duration.
Nuisance effects are primarily
aesthetic, usually transient and

Nuisance

often unavoidable. Over the
long-term, dredging may result in
improvement of conditions in
areas subject to persistent
nuisance effects.
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Resource Aspect

Remarks

Environmental Concern

Resource availability

Utility

Temporary or prolonged
residual resource degradation
may result in direct economic
losses to resort operators, and
indirect losses to the public
through use denial and through
substitution of less-favoured or
more costly alternative sites. On

the other hand, use of suitable
dredged material to create new or
improved facilities may in the

longer-term provide benefits
which more than affect any
temporary losses.
1.2

Sport Fishing
and Hun ng

As for 1.1, degradation of
water quality may occasion
temporarily public health
hazards.

Health

Resource availability
Utility

Potentials for improvement or

or degradation of habitat
exist in both dredging and

dredged material disposal

operations. Prolonged or excessive
disturbance may affect resource
use with resulting direct economic

losses to resort owners and

indirect losses to the public.

1.3

Pleasure boating,
hiking, camping
and viewing

Resource availability,
Utility and/or
Nuisance

Gradations of aesthetic
quality of the resource may
affect the recreational value
difficult to quantify gains
or losses unless impacts are

severe.

2.0

WATER SUPPLIES

2.1

Municipal and
other Public
systems.

Dredging redistributes

Public Health

oxygen demanding substances

and creates an increased demand
on local levels of dissolved
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Resource Aspect

Environmental Concern

Remarks
oxygen. In critical situations this
can lead to the redissolving of
trace metals and organics in
concentrations greater than those
considered permissible or
desirable for public water
supplies.
Dredged material disposal should
not be permitted within the zone
of influence of water supply
intakes.

Nuisance

Both physical and chemical
effects can be experienced -

blocking of intakes, increased
turbidity, reduced dissolved
oxygen, colour, taste and odour
problems.

More frequent monitoring of
water quality may be required.
Resource availability

In situations where treatment
capacity is limited, temporary loss
or impairment to an unacceptable
aesthetic quality may result.
Dredging may be presumed to

improve intake conditions.

Utility

Additional capital, maintenance
or operational costs for system
restoration may be required.
Non-budgeted costs may affect
financial basis of system
operations.

2.2

Industrial Water

Similar concerns to 2.1 in

Public Health

respect of process waters

Supplies

used in the paper, food,
dairy and beverage
industries.
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2.3

Private Water

Remarks

Environmental Concern

Resource Aspect

Nuisance, Resource
availability and
Utility

Similar to 2.1 Process waters
that are of adequate
(permissible) quality for
public supplies, do not
always meet required quality
criteria for certain
industrial uses.

Public Health

Concerns similar to 2.1.

Quality criteria generally as

Supplies

for public supplies.

Resource availability
Utility

Where treatment capacity is

very limited or non-existent,
even short term quality

impairment may restrict use of
the resource, and if unavoidable
will require provision of a
substitute supply.

2.4

Agricultural

Similar to 2.1.

Resource availability
Utility

Similar concerns to 2.1.
Presence of some metal and
organic constituents may
limit availability and
utility of the resource if
removal by treatment is
impractical.

Resource availability
Utility

Resource can be augmented by
judicious use of dredged

criteria may be more
stringent than for public
water supplied for such
uses as dairy sanitation and
livestock watering.

Use

3.

SHORE PROPERTY

3.1

Public property
Beaches

Certain

Health
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Resource Aspect

Environmental Concern

Parks
Wilderness areas
Docks & Wharves
Marinas
Launching ramps
Utilities

Remarks

material or reduced in area
by dredging. Utility value
can thus be enhanced or
decreased, depending upon
design criteria adopted for
ultimate long term use of
onshore and alongshore
disposal sites.
Use of dredged material as a
topsoil dressing on agriculture,
park and forest lands may
increase or depress fertility
depending upon the
concentrations of various organic
and inorganic constituents
present.

Utilities

Nuisance Conditions

Mostly only of a short-term nature
during dredging activities.
Disposal aspects may be
incompatible with adjacent land
uses and constitute a liability or
less seriously a continuing
nuisance.

Stability

Changes in bed configuration may
lead to flow and regime changes
that affect the stability of nearby
shore property.

Safety

Reclaimed land consisting of
hydraulically-placed dredge
materials may pose a safety
hazard of short or long-term
duration. Fencing to keep the
public away until adequate
consolidation has taken place
may be necessary.

Health

Dredged materials may contain
toxic substances, viruses and
bacteria. Infection of birds and
animals, or uptake by animals of
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Remarks

Environmental Concern

Resource Aspect

toxins concentrated by plant
growth may ultimately pose a
health hazard to the community.

3.2

Private Property
commercial
industrial
residential
agricultural
forestry

4.

NAVIGATION

4.1

Open Water

Resource availability
Utility
Nuisance
Stability
Safety

Resource availability
Utility

Similar to 3.1

Resource use must be

guaranteed by occasional
capital and maintenance
dredging.
Loss of resource could
represent a major economic
loss.

Failure to dredge when necessary
may impose increasing
restrictions on manoeuverability
in busy shipping lanes that could
lead to more serious economic
damages in the event of collisions
and potential for serious pollution
such as oil spills.

Safety

4.2

Confined
channels,
harbours
anchorages,
turning basins,

Resource availability
and utility

Similar to 4.1

Safety

Potential for damage is
considerably greater in areas
restricted manoeuverability
or congestion. May be important
in considerations of maintaining

docks and slips.

and/or creating harbours of
refuge.
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Resource Aspect

Environmental Concern

Remarks

5.

MATERIALS RECOVERY

5.1

Aggregate mining Resource availability Potential environmental concerns may limit
resource availability e.g. proximity
of fishery habitat or water intake.
Utility

Loss of resource may result in
less economic or suitable
resources being mined instead
with different and potentially
greater environmental impacts.

5.2

Borrow materials

Resource availability

Similar to 5.1

5.3

Dredged materials

Resource availability
Utility

Dredged material may provide
economic opportunities for
creation of new land for building,
parkland or wetlands. The utility
of this resource use should be

Utility

weighed against loss of the

resource and the environmental
concerns involved in its
utilization. Certain materials may

have potential for agricultural use

as topsoils.

6.

FRESHWATER NEKTON
AND BENTHOS

6.1

Species and

Ecosystem stability

population*

lmpairment of water quality

can result from reduced

light penetration and consequent
loss of aquatic food production;
factors that can cause chronic
effects or acute harm through

*The availability of the resource is also of concern to man, in _

terms of quantity and suitability to sustain commercnal harvesting.
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Resource Aspect

Remarks

Environmental Concern

damage to eggs and fry, disease,
lowered reproductive potential or
stunted growth. Beneficial

longer-term effects can be

generated as a result of removal
of contaminated bottom materials
and their subsequent isolation
from the ecosystem.
Dredging inevitably destroys some
benthos wherever bottom
materials are removed, and at the
site of openwater disposal may

smother benthos and spawn.

Dredging activities therefore
require consideration of the
stability of the pre-proiect
ecosystem, and whether proposed
project activities will temporarily
or permanently disturb its
stability. Changes in community
species and population may be
beneficial or adverse to the
ecosystem.

Mercury conversion by
by bacteria from insoluble to
soluble forms and subsequent
asorption into the food chain is
the classic example of
biomagnification leading to
animal toxicity. Analyses of

Biomagnification
potential

materials to be dredged are

needed to evaluate potentials for
such forms of biomagnification.

6.2

areas or
Habitat Resource availability Modification to spawning grounds, nursery
foraging locations may all be
factors of concern. Environmental

impact reviews should pay

particular attention to such
matters that are site-specific.
Each aspect can be enhanced or
damaged depending on project
conditions.
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Resource Aspect

6.3

Migration of
Species

7.

WILDLIFE
(BIRDS & ANIMALS)

7.1

Species and

population l

Environmental Concern

Resource availability

Community viability

Remarks

If project is situated on a
migratory route, mouvements
can be affected by sensory
factors (noise, increased
turbidity etc.) physical
blockage of routes, flow
variations and/or regime
changes.

The health of the species

concerned is dependent on

if the proposed dredging habitat
suitability. Thus, activities affect
the habitat, the health of wildlife
in the project area will be
affected. A likely example is the
disturbance of the food chain as
a corollary to concerns expressed
under 6 above.
Noise and general disturbance
effects may be significant in
critical areas such as parks and
bird sanctuaries.

Biomagnification

Similar to 6.1 above. Mercury

Potential

ingestion by birds through the
food chain originating with
aquatic organisms has been
traced as an example.

*The availability of the resource may also be of concern in terms

of suitability and numbers to sustain commercial harvesting.

7.2

Habitat Resource availability The resource most likely to be affected by dredging and

dredged material disposal is
marshland habitat. Opportunities
appear to exist for development of
new or enlarged wetlands from
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Resource Aspect

Remarks

Environmental Concern

judicious use of suitable dredged
material.
Damage to or disturbance of
existing habitat, including
breeding and nursery areas,
foraging range etc., are potential
factors of concern.

7.3

6.2

Migratory routes Resource availability Availability of resources for staging areas and
pathways on traditional migration
routes may be of concern.

EVALUATION TECHNIQUES

The foregoing has defined the broad approach to the evaluation of environmental
concerns. The process of evaluation is further illustrated in the activity diagram presented in

Figure 6-A. Therefrom, it may be noted the environmental assessment activities are closely

integrated with project planning and design. This presumes some change from current practice
whereby the agencies responsible for environmental protection are frequently faced with approval
or rejection of essentially final proposals, rather than contributing to the protection and
enhancement of the environment through active participation at the planning stage. To

accomplish the desired consideration of environmental concerns at the planning stage may
require structural and administrative changes, as are further discussed in Chapter 7.

To assist those directly concerned with the adoption of an integrated approach, a

checklist of information needs is presented in Table 6-2. The need for information representing

parameters and characteristics must be determined on a project-specific basis. Once the resource
aspects affected and the respective environmental concerns have been identified, other
information requirements will be readily determined.
Information for the assessment of dredging projects include data and interpretations
needed to define pre-project conditions, to evaluate potential impacts and to design specific

features of project alternatives (to minimize deleterious impacts and enhance project benefits) as
well as to monitor impacts during and after project execution, both to control operations and to

provide a consistent basis for the correlation of experience.

The data required will be determined by the specific nature of the project and from

consideration of the purposes to be served by such information. Although each project will possess
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unique features, there may be aspects which reasonably approximate conditions of other projects.
Well-documented experience records of posited impacts would facilitate predictive interpretations
within the context of a site-specific appraisal. As has been discussed previously, inadequate
documentation of past dredging activities in terms of environmental considerations and of the
beneficial uses of dredged materials precludes any significant use of such historic records as are

available. It may, therefore, be expected that for some years rather more detailed investigatory
and surveillance data will be needed to accumulate a significant body of experience records which
may, thereafter, substitute in part for individual project investigations.

In Table 6-2 information needs have been divided into project definition requirements

and specific environmental parameters. A selection of the latter will usually be required to
evaluate site specific concerns. Whilst the scope of information needs indicated in Table 62 has

been made as comprehensive as seems appropriate to the purposes of this report, it must be
acknowledged that there will arise special conditions or circumstances which are not indicated.
It is however, expected that the listed needs will assist the evaluator in determining the types of
information and scope of investigation as may be appropriate to interpretation of the concerns as
identified in Table 6-1.
As has been discussed in Section 5.1.3 the extensive programs of research currently
in progress, both in the United States and Canada, are likely to develop new methodologies and
techniques for characterizing environmental concerns. Thus it will be essential for those directly
concerned with dredging and its environmental aspects to keep abreast of research findings.
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TABLE 6 2
INFORMATION NEEDS
PART I
PROJECT DEFINITION
l l Project Information

location of dredging
purpose
volume of material to be dredged
frequency of dredging
future
past
location of disposal site(s)
alternative use(s) of dredged material in area
schedule
proposed plant and operating procedures.
l-2 Dredging Site
limits of dredging
bathymetry
exposure and wave climate
currents
proximate shoreline(s)
- configuration

uses

current

planned
- ownership
site uses
commercial navigation
recreational boating
water sports

fishing

other
sediment sources
- upland drainage
~ littoral drift and shoreline erosion
depth and rate of recent accumulation
contaminant sources

point sources and nature
diffuse upland sources and nature

- seasonal variations in loadings
benthos and nekton

species

abundance and diversity

wildlife

species
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- abundance and diversity
~ sediment classification (differentiate recent from older,
undisturbed materials).
physical
engineering (for design of planned fills)
biological and chemical
oxygen demands
nutrients
toxins

l-3 Open water Disposal Site
location and limits
exposure and wave climate
bathymetry
currents
proximate features
shoreline(s)
water supply intakes
fish spawning beds
fish nursery areas
fish migratory routes
frequency of use
benthic community
species
- population
nekton
species
population
use of site environs
- navigation

fishing

other
depth of thermocline (include seasonal variations)
bottom sediment water interface zone,
- physical
- chemical
biological
water quality (ambient conditions indicative of
stratified variations)
- phytoplankton
zooplankton
l 4 Unconfined disposal site (foreshore or upland)

location
exposure ~ (wave climate/winds).
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littoral currents
site and proximate environs
topography
drainage
groundwater table and connections
property ownership
land use
current
- planned
frequency of use for disposal operation
- shoreline stability
erosion zones
excavation zones

access

water
land
planned elevations
planned use
beach nourishment
wetlands
landfill
additional requirements for any of
above (landscaping, planting, etc.)
flora and fauna
phytoplankton
zooplankton
benthos
nekton
wildlife
lake level variations
seasonal
long term
l 5 Confined Disposal Site
location
exposure and wave climate

access

water
land
site and proximate environs
topography
drainage
- groundwater table
inter-connections to surface
- property ownership
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land use

current

planned

l

foundation conditions
flora and fauna
capacity proposed
duration and frequency of usage for containment operations
design aspects
stability
dykes
control of erosion (lakeside riprap,
landside vegetation)
control of seepage
freeboard and settlement
allowance for bulking
- capacity
detention time for supernatant
drainage
depth of detention waters
control of
- internal drainage
dust
access during consolidation
plant growth
birds and animals (if toxins
liable to bioconcentration).
odours

planned site development and ultimate usage
consolidation rates and bearing
strength
landscaping and aesthetic
considerations

PART II
ll l

ENVIRONMENTAL EVALUATION PARAMETERS

Physical properties of sedimentary deposits (for classification
and design purposes)*
grain size distribution
- bulk density
- dry density
water content
liquid limit
- plastic limit

mineralogy

- organic matter content
- coefficient of active soil pressure
coefficient of passive soil pressure
settleability in water
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ll~2

Engineering properties of sedimentary deposits (for design
of planned landfills)
plasticity index
liquidity index
permeability
void ratio
shear strength
undrained shear strength
undisturbed
undrained shear strength
remoulded
cohesion
angle on internal friction
unconfined compressive strength
bearing capacity
consolidation and settlement
coefficient of volume change
coefficient of consolidation
time rate of consolidation

ll 3

Biological and chemical parameters =
(as related to open water quality, sediments and the
interstitial water within the active biologic zone of bottom
substrata as well as to supernatant and leachate drainage
from landfills)
Physical and General
COD
- colour
dissolved oxygen
Eh
(of bottom surface substrate)
odour
suspended solids
taste
temperature
turbidity
pH (range)
- volatile solids
Radioactivity

gross Beta activity

radium
226
strontium - 9O

Microbiologic
algae

clostridia
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enterococci
faecal coliforms
faecal streptococci
mould
proteolytic and/or lipolytic bacteria
total bacteria
yeast

Physiologic
median tolerance limit (TLSO or LCSO)
- toxicity
effects (activity, spawning, growth)
gic
physiolo
- bioconcentration
biomagnification

Inorganic Chemicals and Heavy Metals
aluminum
ammonia (as N)
arsenic
barium
beryllium
boron
cadmium
chloride
chromium (hexavalent)
cobalt
copper
fluoride
iron
lead
lithium
manganese
mercury
molybdenum
nickel
nitrate plus nitrite (as N)
phosphorus
potassium
residual sodium carbonate
selenium
silica
silver
sodium absorption ratio
sulphate
total dissolved solids
total hardness (as CAC03)
uranyl ion
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vanadium
zinc

Organic Chemicals
carbon chloroform extract
cyanide
fungicides
herbicides
insecticides
methylene blue active substances (ABS, LAS etc.)
oil and grease
phenolic substances
rodenticides
total organic carbon

Soil mechanics terms are usually defined as presented in Standard Definition of Terms and
Symbols Relating to Soil Mechanics
American Society for Testing and Material
Specifications D653-64. Geologic terms are defined as in Glossary of Geology and Related
Sciences" NAS-NRC Publication 501 (1957) published by the American Geological
Institute.

Laboratory and field soil mechanics tests are usually performed to the appropriate Canadian
Standards Association Code or American Society for Testing and Material Specification. If
such are not available, tests are conducted as described in recognized engineering texts.

Specific water quality guidelines, criteria and/or standards are provided by jurisdictional
authorities for water supply (domestic and industrial), for body contact sports, maintenance
of fisheries habitat, etc. The relevant federal and state/provincial reference sources, as listed
hereunder, should be reviewed as appropriate, and agency sources checked for additions and

reVISIons.
1)

Guidelines and Criteria for Water Quality Management in Ontario, Ministry of
the Environment, Toronto, June, 1970.

2)

Guidelines for Water Quality Objectives and Standards, Technical Bulletin No.
67, Inland Waters Branch, Department of the Environment, Ottawa,

1972.

3)

Water

Quality Criteria 1972, Committee on Water Quality Criteria,
Environmental Studies Board, National Academies of Services and

Engineering,

published by

US.

Environmental

Protection

Agency,

Washington, DC. 1972.

h EP-1-07, July 27,
4-1) Water Quality Standards, State of Ohio, EP-1~01 throug
1973.
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_

Thereof, April 11,
4-2) Water Quality Criteria for Lake Erie and the Interstate Waters
Health.
1967, Ohio State Pollution Control Board, Dept. of

and the Establishment
5-1) Criteria for Classification of Interstate Waters of the State

June
of Standards of Quality and Purity, WPCl4, Oct. 4/73; WPC15,

State of
14/67, Amended July 1/69, Oct. 31/71, Pollution Control Agency,
Minnesota.

and WPCZS, Sept. 7,
5-2) Classification of Interstate Waters of Minnesota, WPCZ4
ta.
Minneso
of
1972, Pollution Control Agency, State
6)

NR 102, 103, 104,
Water Quality Standards for Wisconsin Surface Waters, Chap.

Rev. Aug. 16, 1973, Wisconsin Administrative Code.

Indiana Stream
7-1) Lake Michigan and Contiguous Harbour Areas, Reg. SPC 4~R,
Pollution Control Board.
Stream Pollution
72) Natural Spawning Areas, Rearing or Imprinting SPC 12, Indiana
Control Board.
Areas and Migration Routes of Salmonid Fishes.

ion SPC 1R-3, July 17,
73) Water Quality Standards for Waters of Indiana, Regulat
1973, Indiana Stream Pollution Control Board.

Harbour Ship
7-4) Water Quality Standards for the Grand Calumet River and Indiana
n
Canada, Regulation SPC 7R 2, July 17, 1973, Indiana Stream Pollutio

Control Board.

10R, July 17, 1973,
7-5) Water Quality Standards for Wolf Lake, Regulation SPC
Indiana Stream Pollution Control Board.
8)

of Michigan,
Water Quality Standards, Part 4, Administrative Rules, State
1973.

9)

n
Chapter 3, Water Pollution, Rules and Regulations of the Illinois Pollutio
Control Board, March 1972, Amendment Feb. 14, 1973, June 28, 1973.

10)

11)

of New
Classification and Standards Covering the Quality and Purity of Waters
Rev.
1974,
27,
York State, Parts 700, 701 and 702, Table 6, March
10/20/74, New York State Dept. of Environmental Conservation.
C,
Part I, Pennsylvania Department of Environmental Resources, Subpart
Chapter
s,
Resource
Protection of Natural Resources, Article II, Water

93.21 & 93.22.
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During the next few years the results of basic research investigations initiated

concurrently with the studies of the Working Group will be brought to a conclusion. At this time

it is not possible to predict the results which may ensue. However, it is likely that, as the weight

of evidence accumulates from these research programs, a sounder scientific basis will be
established for evaluation of many concerns which at present must be determined from

experience judgement. Nevertheless, the Working Group is of the opinion that the effective

formulation and evaluation of projects will continue to require the application of experience and
sound judgement to achieve a consistent and compatible approach, as is desired between the
various jurisdictions and agencies having responsibility for dredging activities.
Public participation in the evaluation processes is required by some jurisdictions and

is optional in others. This aspect is not of direct concern to the Working Group, although it

acknowledges the specific responsibility for public
Environmental Protection Agency. Nothing herein should
participation as required by the different authorities:
responsibility for determining appropriate action in
responsible.

involvement placed upon the U.S.
be seen as excluding appropriate public
however, as the requirements differ,
this regard is left to those directly

As has been discussed elsewhere in this report, many impacts are conceptualized but
cannot be rigorously evaluated on a site-specific basis. Hence in the activity diagram of Figure 6-A
a feedback-loop expressing the experience knowledge gained through project surveillance and

monitoring as well as from ex postevaluation of conditions is indicated. It still seems probable

that the significance of many of the identified impacts can only be consistently evaluated if

opportunities to measure impacts have

been recognized and the experience is systematically

recorded.
Many aspects, such as those relating to long-term impacts, aesthetic values and

similar intangibles will remain unquantifiable. Although there are various approaches to

evaluation of such concerns between project alternatives, one which commends itself to the
Working Group is the use of an environmental matrix in which the judgement of various

professionals can be applied on a systematic and consistent basis. One form of such a matrix

evaluation is described hereinafter.

6.2.l

Environmental Impact Matrix

The evaluation of environmental impacts requires assessment of a complex of
interdependent factors. Even though the linkages between such factors and their potential
impacts are understood most cannot readily be defined as quantitative terms. Therefore, as an

aid to evaluation the Corps of Engineers have developed the matrix concept to assist in a

systematic and consistent approach to evaluating environmental impacts between prOject
alternatives.
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The matrix presented in Table 6-3 has been adapted for use in comparing alternatives
for a dredging/disposal project from the approach developed by the Corps in their study of the

Mississippi River-Illinois waterway. In using the matrix the various environmental aspects are to

be rated on a numerical scale which has an indicated range from O to + 5 and from O to -5. (This
range may be expanded or contracted depending upon the degree of refinement considered to be
warranted in specific evaluations.) The baseline is represented by existing conditions and
corresponds to a scale value of zero. The value assigned to each indicator represents the relative

improvement or deterioration from the baseline condition. Thus impacts rated as i1 would
represent a slight change, i3 a moderate level of impact and i5 a severe degree of change.

Two segments are provided in each matrix box, the upper left for valuing short-term

impacts and the lower right portion for assessment of longer-term effects. In evaluating the

various aspects consideration should be given to the overall impact of each alternative. For

example, when considering fish habitat weight should be given to all the effects of a given

alternative on all aspects of the life cycle. Thus one alternative might be found to provide a positive
value for improvement for spawning conditions and at the same time a negative impact might
impinge upon some aspect of the supporting food chain. The valuation indicated should be
determined for the weighted overall impact.
The numerical evaluation which is derived from use of the matrix approach is only one
step in the decision process and both the advantages of a systematic approach and the obvious
limitations should be recognized. Since inter disciplinary expertise is involved in the several
aspects to be considered, a gaming approach is suggested to minimize bias. Not every project will
necessitate such evaluation; however, where viable project alternatives require comparison,
adaptation of the matrix approach may be of assistance. Guidelines for assessing specific
indicators follow hereunder.

Land Forms Islands - determination based upon percentage of loss through dredging or
anticipated gain by spoil disposal.

Shoreline - determination based upon linear change.
Sub-aqueous Bottom - determination based upon pollution abatement
potential taking into account the physical and chemical

classification

of

bottom sediments, circulation currents

and

sediment and pollutant sources.

Land Use Residential - determination of percentage change in available shoreline property
and quality.
Commercial/Industrial - as above.
Recreation/Conservation - determination as above
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TABLE 6 3

Indicators

Land Forms

Islands
Shoreline
Sub Aqueous Bottom

Chemical

Land Use

Residential
Commercial/Industrial
Recreation/Conservation

Physical

Water

Surface Area
Littoral Zone (0

20m depth)

Quality
I
I!

M
h
H
u

u=========ux====szgs=

Vegetation

Terrestrial (trees,

shrubs)

Water tolerant (trees, shrubs)

Biological

Indicators

Aquatic
Wildlife
Habitat

(submergent, emergent,
floating)

Terrestrial animals and land birds
Semi aquatic animals
Waterfowl & Shorebirds

Aqueous
Habitat

Sport fish
Commercial fish
Benthic Organisms
Plankton

Recreation

Boating

Cultural

Indicators

Hunting
Fishing
Body Contact Sports (swimming,
water skiing)
Aesthetics

Scenic views and vistas
Wilderness qualities
Open space qualities
Unique Physical Features

Short term
impact

a.

Total (+)

b.

Total ( )

Index (a 8 b)
-

5-(

(-)

0 -

(+)

> 5
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3
No.

..-.....

Project
Alternative

II
N

u
H
H
J

=x=====n===========z ========n==sl=un=xtn===I =nn-=s--§===-na

Project
Alternative
No. 2

Dredging/Disposal Project

No.

1

Project
Alternative

Matrix for Evaluation of Environmental Impacts

Water

e.
Surface Area - determination by percentage of increase or decreas
e.
Littoral Zone - determination by percentage of increase or decreas
l.
Quality - determination based upon pollution abatement potentia

Vegetation

or decrease
Terrestrial Species - determination by percentage of increase
.
islands
and
ne
shoreli
on
of terrestrial tree species
increase or
Water-tolerant Shrubs - determination by percentage of
decrease.
water
Emergent Aquatics - determination by percentage affected by
depth.

of physical
Submerged Aquatics - percent of change anticipated because
change in water depth, current speed, etc.

Wildlife
Habitat

considering the existing
Terrestrial Animals
determination made only
static,
population as
on basis of loss or gain in habitat.

Terrestrial Birds - determination made on loss of habitat v game, predator
and songbirds species - migratory and indigenous.

be
Semi-aquatic Animals - determination made essentially as above may
muskrat.
and
mink
beaver,
as
such
species
restricted to valuable

Waterfowl - determination to reflect change in habitat.
determination to reflect change in habitat.

Shore and Marsh Birds
Aqueous
Habitat

determination based upon all
Sport Fish
habitat requirements (i.e. spawning, feeding,

etc.)

Commercial Fish - determination based upon all habitat requirements.
Forage and Trash Fish
species.

- same as above with attention to pelagic

Benthic Organisms - relative determination based upon change in aquatic
habitat - to include all known forms (i.e. aquatic insects, mussels,
snails, etc.)
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Plankton - determination based upon anticipated change in species
composition and abundance (Le. diatoms in open water, chlorella
and blue-green in slack water).
Recreation

Boating - determination based upon expanded or reduced quality
opportunities; to include safety, manoeuvreability, etc.
Hunting - determination based upon change in hunting patterns and
opportunities.
Fishing - determination based
opportunities.
Body

Aesthetics

upon

expanded

Contact Sports - determination only upon
opportunities for swimming, water skiing, etc.

or

reduced quality

degree of quality

Scenic Views & Vistas ~ arbitrary determination based upon degree of
diversity.
Wilderness Quality - based upon extent and scope - also accessibility.
Open Space Quality - determination as to spatial relationship of users.
Unique Physical Features - determination based upon loss or gain of
special land forms, and loss of significant archaeologic sites.
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7.0

DEFICIENCIES

Mention has been made in Section 6.2 of the need for an integration of environmental
evaluation with the planning and design of dredging projects. That this is essential to achieving
omic
the desired protection and enhancement of the environment and optimizing socio-econ
tive
administra
and
on
organizati
functional
present
the
benefits should be apparent. However,
the
of
protection
the
for
ity
responsibil
place
arrangements of government agencies tends to
usually
agencies
executing
the
from
environment with regulatory agencies which are different
concerned with the planning and design of projects.
Quite obviously the regulatory agencies could not become directly responsible for the
their
planning and design of projects without jeopardizing their objectivity in administering

regulatory responsibilities, although this should not preclude their assistance in providing

information, experience data and interpretations to the proponent agencies, or private developers.
in the
Moreover, the regulatory agencies should become involved at a much earlier stage
of
duplication
y
unnecessar
avoid
to
preliminary review and screening of projects and programs
investigatory efforts or the pursuit of clearly unacceptable proposals.
Project proponent agencies must provide appropriate technical competence in
environmental disciplines to ensure the recognition of potentially deleterious impacts and the
adjustment of proposals to achieve appropriate environmental protection.
The foregoing leads to a related area of concern to the regulatory agencies and the
executing agencies. Although most dredging is undertaken as government-sponsored activity in
support of navigation, the annual programming cycle has perpetrated a situation whereby many
maintenance projects are identified in the same year as proposed for execution. As a
consequence, the regulatory agencies are faced with the task of approving or rejecting proposed
projects within an unrealistic time framework. Any modification to project proposals tends to be
of an ad hoc nature, intended to avoid the more serious environmental problems but certainly not
involving serious consideration of the full range of potential beneficial uses of the dredged
material which may be available nor of permanent remedial works to reduce or eliminate

maintenance dredging requirements.

The majority of major capital dredging requirements for navigation are known much

further in advance of required execution. Thus, program planning procedures should be adapted
to provide sufficient lead time for the investigation and evaluation of alternatives and are essential
to the adoption of a multi-purpose approach. It is recommended that administrative changes, as
required, be adopted to provide a forward indication of all dredging requirements on a running
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five year basis, and a minimum of at least two years lead time between initiation of detailed
project formulation and execution. Under such procedures, it will be incumbent upon the
regulatory agencies to recognize their responsibilities for supporting any investigations they may

require on a compatible schedule and for making all relevant background information available
in good time to the project proponents.

The financing of dredging projects must also be addressed. lf the principle that
environmental protection be considered as an element in the evaluation of a project which must
also aim at maximizing net socio-economic benefits is accepted, it will be essential to determine
the basis for cost allocations between purposes and to develop a workable basis for project

financing.

It will be recognized that the majority of dredging activities are primarily intended for
the maintenance and improvement of navigation facilities. The use of dredged materials to create
a wildlife facility for example, may, in a particular situation, provide an acceptable means for
disposal of dredged material which increases the net benefits to society. However, the new facility
may also increase the project cost to the proponent agency. Moreover, it may not rank highly in
the priorities of the agency responsible for such facilities. It the dredging cannot be postponed,
the wildlife agency, possibly of another administrative jurisdiction, may be the accidental
beneficiary of a facility for which it has not budgeted funds, either for supplementary amenities

or for operational management.

The introduction of a longer planning cycle will assist in resolving some such conflicts

between uses of dredge material. However, the question of financing, and of continuing
responsibility for disposal facilities requires further consideration at the administrative levels in

the different jurisdictions.

Even though environmentally acceptable determinations may be carried out and
integrated into project design, it appears from recent experience that there will be a continuing
need for close supervision during the project execution phase by both the proponent and the
regulatory agencies to ensure that the intent is achieved. This requirement may be reduced as
field personnel and contractors become familiar with environmental requirements. However, for
some time it will be desirable to provide surveillance by qualified personnel to accumulate
definitive experience data.

An intensive research program is continuing. (See Appendix C.) Amongst other aspects
these investigations include development of new dredging plant, operational procedures and the

i

processing of dredged material, and constitute important areas for which there are current

l

l
!

1

shortcomings in specific evaluation criteria. It may well be useful to supplement regular exchanges
of information by technical workshops or seminars at which the regulatory and proponent
agencies could review and evaluate technologic developments.

Within the context of the Canadian situation, attention has been drawn in Chapter 2

to the proliferation of laws, both federal and provincial, which might be utilized to control

environmental aspects of dredging operations. It must also be pointed out that the NaVigable
Waters Protection Act does not directly bind the Federal or ProvinCIal Crown in the same way as
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Act for the
does the Fisheries Act. The appropriateness of the Navigable Waters Protection
solely from
derives
which
purpose
protection of the environment is also questioned in view of its
should
nts,
requireme
legal
of
the intent to protect navigation. These, and other questions
guidelines
of
n
applicatio
presumably be reviewed in detail after the practical implications of the
nt and review
as recommended herein have been assessed and as the environmental assessme
ntal
environme
on
procedures at the federal level, as well as forthcoming Ontario legislation
protection, are reconciled as to administrative procedures.
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8.0

CONCLUSIONS

Great Lakes dredging activities to maintain navigable depths in main channels and
commercial ports, to improve and extend small boat harbours and to recover materials for
construction purposes must continue. Currently, these activities involve removal of about 10
million cubic metres annually and it is anticipated that dredging of at least this volume will
continue indefinitely.
Much of the maintenance dredging is for removal of deposits in protected harbours.
Despite the joint programs of the United States and Canada to reduce point-sources of
contaminants, it is expected that such deposits will continue to exhibit significant levels of cultural

pollution deriving from diffuse sources which are less amenable to direct control. it is anticipated,

therefore, that potentially harmful levels ofcontaminants will continue to be present at many
dredging locations.

Until the recent past, no special concern was identified in connection with dredging
operations, and it was common practice to dispose of the dredged materials at open-water sites
or the nearest convenient lands and swampy areas. More recently environmental concerns have
led to the protection of remaining wetlands habitat and the banning of open water disposal of
materials classified as polluted.
Current criteria adopted by the US EPA and Ontario Ministry of the Environment for

the classification of dredged materials, however, have not been correlated with the physical and
chemical

processes which actually occur in the lacustrine environment. Environmental
considerations and concern over the rising costs of dredging under constraint have spurred
investigations which are leading to a better understanding of the Lake environments and
ecosystems and of the potential stresses which may be imposed by dredging operations. At the

present time, this investigatory program is well underway, but has not progressed to a stage of
providing a comprehensive understanding from which specific criteria can be developed. It is
apparent that the variations in ecological and environmental situations virtually preclude
adoption of a single set of criteria of universal application.

it appears, therefore, appropriate to recognize these complexities and to establish, as

compatible guidelines for the design and control of dredging operations, a baSIC approach in which

all of the site specific concerns relating to a particular project are evaluated. Moreover, it seems
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essential to recognize that opportunities are often available which will allow the use of the dredged
being
material to create amenities or facilities in environmentally acceptable forms. The approach
that
conclusion
the
recommended necessitates consideration of such alternatives and leads to
dredging projects should be considered from a multi-purpose point of view.

All of the Great Lakes exhibit changes in the physical and chemical composition of their
of the
waters which are directly attributable to cultural changes in the Basin since the beginning
resulted
has
regimens
trophic
natural
the
upon
19th century. The unbalancing stresses imposed
well as
in the eutrophication of the western basin of Lake Erie, Saginaw Bay and Green Bay, as
significantly modifying the trophic status of the remainder of the lakes.
These stresses have also interacted with intensive exploitation pressures and the
c
intrusion of marine predators, and dramatically reduced or eliminated the indigenous oligotrophi
fish
order
Lower
lakes.
deepwater
the
throughout
fish species which were formerly abundant
species as well as the benthos and plankton also reflect the stresses imposed by cultural pollution;
their successions tending to be dominated by more pollution~tolerant species.
Although it is impossible to establish clearly any one factor as dominant in the
studies
succession of changes in the aquatic ecosystems throughout the lakes, and indeed,
doubt
no
is
there
;
significant
been
others,
the
of
absence
the
in
has,
indicate that any one factor
lake
their
and
ecosystems
the
betWeen
that there is as yet a continuing imbalance
environments.

The significance of dredging as one contributor to the total loading process is
incompletely understood. It is evident from bioassay tests to determine the toxicity of recent
sediments from Great Lakes ports, as well as from analogous studies from other freshwater lakes,
that deposits which have been culturally contaminated can impose lethal stresses to benthic
organisms. Moreover, the high level of oxygen demand, as well as of nutrient supplies contained
in many sedimentary deposits can, if redistributed through uncontrolled dredging operations,

impose intense short-term stresses in the immediate environment of operations as well as
contribute to the longer term imbalance between the ecosystem and the quality of the water
environment.

The specific impacts of a dredging project are difficult to isolate from other stress
factors. Indeed, the synergistic aspects of geochemical and biochemical reactions, and their
variations under oxidizing and reducing conditions, makes it virtually impossible to define specific
criteria of universal applicability. However, since under particular circumstances adverse impacts
can be foreseen, even from the uncontrolled disposal of essentially inert natural sediments, it is

apparent that dredging projects should be designed and executed in the light of an understanding

of all processes which may be impacted by each such operation. The failure to control the
imposition of stress on the aquatic ecosystems, insofar as it is practicable and reasonable to do
so, would be directly counter-productive to the management of natural resource systems and to

the pollution abatement programs in both Canada and the United States for the control of
point-source waste disposals as well as for reducing diffuse sources of contaminants.
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The evaluation of environmental impacts must recognize theparticular aspects of a
project and of the local environment. Hence, it is appropriate to provide compatible guidelines,

which allow for the application of internationally adopted criteria, in terms of a sitespecific
interpretation of the environmental and socio-economic amenities and disamenities of each

project.

The imposition of responsibility for environmental protection upon dredging activities
is leading to a substantial increase in the cost, both for investigation and execution. At the same
time, opportunities are being recognized at many locations to utilize much of the materials
dredged for navigational purposes to create facilities and amenities which enhance, rather than
degrade the environment. There is a need, therefore, to take advantage of such opportunities as
will, when evaluated on a broad socioeconomic basis, increase the net benefits from dredging

projects.

The conclusions of this study involve a broad range of interrelated aspects. Many of
the detailed considerations separated from the context of discussions presented in the main body
of the report throughout Chapters 2 to 7 would not be meaningful. For those directly concerned
with project evaluation and execution, it is recommended that particular attention be given to the
discussions of dredging practices in Chapter 3, the engineering, economic and environmental
aspects discussed in Chapter 5 and the guidelines for project evaluation in Chapter 6. Hereunder,
without priority by order, only the major conclusions leading to the detailed recommendations are

highlighted.
0

It is apparent from a review of the traditional practices being followed prior to
the 1970 s that the comparative freedom of choice to dispose of dredged
materials in open water in the Great Lakes did not impose rigorous requirements
for precise definition of the sediment characteristics. Past experience provides
a very limited basis for evaluation of environmental factors nor of their
engineering considerations relevant to design of future projects.
(cf. Section 5.1)

0

The potential pollution hazards due to dredging are related to the physical
characteristics of the sediment as well as to its biological and chemical

properties. The environmental aspects can only be reviewed satisfactorily when
information on all such relationships is available. It is, therefore, most important

that all agencies have access to developing and future data bases to allow for the
effective planning and design of projects.
(cf. Section 5.1)

0

A number of the chemical analyses that are used to assess the presence in

sediments of heavy metals and organic materials provide a measure of total
concentrations but yield little direct evidence of their availability for biochemical
activity.
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(cf. Section 4.2)

It has been observed that natural background levels in many locations are
considerably higher than the criteria concentrations that have been used in the
past to classify dredged sediments as sufficiently polluted to be unfit for
open-water disposal.
(cf. Section 4.2)

Environmental protection will best be served by site-specific evaluation, placing

reliance upon the professional judgement of qualified investigators.
(cf. Section 5.1.3)

The effective formulation and evaluation of projects will require continuing
coordination of experience and the application and sound judgement to achieve
a consistent and compatible approach between the various jurisdictions and
agencies having responsibility for dredging activities.
(cf. Section 6.2)
The approach to evaluation of dredging projects from an environmental
standpoint must, of necessity, proceed with two fundamental objectives in view;
the preservation of designated water uses, including viable aquatic and
terrestrial ecosystems, and the optimization of net socio-economic benefits to
society.
(cf. Section 6.0)
To accomplish dredging activities in an environmentally acceptable and socially

optimum manner will require evaluation of all practical alternatives.
(cf. Section 6.1)

A decision to transfer contaminated sediments from a subaqueous environment
to a confined terrestrial site should not simply result in relocation of the
problem, but should make the best use of available materials and engineering
knowledge to achieve a facility which can be of some future use to the
community.
(cf. Section 5.1.2)
Maintenance dredging projects are more likely to give rise to adverse and
intense short-term pollutional effects than would be expected from capital works
projects. The latter involve physical changes to bottom site geometry which
induce long-term influences upon the environs of the dredging site.
(cf. Section 3.3)
Since different types of dredging plant have vastly different operating
characteristics, even the comparative effects between them are difficult to
establish. The choice of dredging plant, generally, has little influence upon
long-term effects, although some may be inferred from changes in bathymetry
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and substrate disturbances. However, plant and operating procedures should be
considered with respect to various short-term aspects of environmental

concern.

(cf. Section 3.3)

The consideration of project alternatives, of the beneficial utilization of dredged
material and of permanent works to reduce or eliminate maintenance dredging
requires more lead time than has been provided. It is apparent that five-year
program forecasting, which would include most maintenance and major capital
dredging, can be provided. From annual updating of such forecasts a reasonably
firm indication of programs should be established at least two years before
execution is required which will allow for detailed project formulation taking fully
into account considerations of environmental concerns.
(cf. Chapter 7)
There appears to be no lack of legislation in either the United States or Canada
as may be required to implement the procedures recommended herein for
programming, assessment and control of dredging activities. However, there
may be a need to modify regulations and improve administrative procedures to
implement the intent. Nor are there any prohibitions apparent in the legislation
which would hinder their adoption.
(cf. Chapter 2)
The question of financing, and of continuing responsibility for disposal facilities
requires further consideration by the different jurisdictions. It will be essential
to determine the basis for cost allocations between purposes and to develop a
workable basis for financing of multi-purpose projects developed to meet
environmental constraints.

(cf. Chapter 7)
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9.0

RECOMMENDATIONS

The terms of reference of the Working Group imposed responsibility for undertaking

a review of dredging practices, programs, and of the relevant laws and regulations governing

dredging. Further, the terms of reference focus upon development of compatible criteria for
characterization of dredged spoil and recommendations for compatible programs governing
disposal of polluted dredged spoil in open water.

The Working Group was directed

to conduct

its

studies and formulate its

recommendations on a basis of the following principles:

a) Dredging activities should be conducted in a manner that will minimize harmful

environmental effects.
b) All reasonable and practicable measures shall be taken to ensure that dredging
activities do not cause a degradation of water quality and bottom sediments.
c) As soon as practicable, the disposal of polluted dredged spoil in open water should
be carried out in a manner consistent with the achievement of the water quality
objectives, and should be phased out.

In pursuing its investigations, the Working Group concluded that the intent of
minimizing harmful environmental aspects, consistent with designated water uses, extend to all
aspects of dredging and disposal practices and therefore recommends:
O

The basic criteria for all dredging activities should be the preservation of
designated water uses, including viable aquatic and terrestrial ecosystems and
the optimization of the net socio-economic benefits to society.

Consistent with these objectives, which may not always prove entirely compatible, the

Working Group has found no universal set of criteria applicable to the varied conditions and

situations encountered throughout the Great Lakes. Rather, the Group recommends, as a

compatible basis for project evaluation leading to acceptable environmental designs, that:
0

All future evaluations of dredging projects be site-specific in accordance with the
guidelines presented in Chapter 6, which requires that the water quality
objectives established in the Great Lakes Water Quality Agreement as well as any
more stringent objectives imposed by other authorities are over-riding.

0

The characteristics of bottom materials to be dredged, and of bottom sediments
at proposed open water disposal sites, be determined so as to provide

144

indications of chemical and other constituents in terms of their availability
to
the ecosystem.

To accomplish the foregoing, it is also recommended that:
Adoption of the recommended guidelines and criteria for the evaluation of

environmental and socioeconomic considerations relating to all dredging
projects be accomplished by administrative action, and that their application be
evaluated in practice before any substantial revision in legislation is
contemplated.
Research be encouraged to investigate advances in dredging technology and the
availability of materials such as nutrients and potentially toxic substances as
related to dredging procedures and to define specifically the nature of such
impacts.
Project proponents retain appropriate technical competence to ensure the
recognition of all potential environmental impacts and the adjustment of
proposals as well as to facilitate their audit by the appropriate regulatory
agencies.
Administrative procedures be adapted to provide a forward indication of
dredging requirements on a running five-year basis and a minimum of two years
between commencing detailed project formulation and actual execution.
Project financing policy for multipurpose dredging projects be addressed by the
relevant authorities.
Finally, it is recommended, that:
A standing committee be established:
to ensure the compatible implementation of the guidelines for
environmental assessment as presented herein,

to review the effectiveness of the quidelines in maintaining water

quality as a result of dredging operations,
to encourage the exchange of information from both experience and

research, and
to recommend, from time to time, changes in criteria and guidelines
in the light of advances in knowledge and the accumulation of
reliable experience records.
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APPENDIX

A

THE FOLLOWING ARE EXCERPTS FROM THE AGREEMENT
BETWEEN THE UNITED STATES OF AMERICA AND CANADA
ON GREAT LAKES WATER QUALITY WHICH ARE RELEVANT
TO THE MANDATE OF THE WORKING GROUP.

APPENDIX

A

AGREEMENT BETWEEN
THE UNITED STATES OF AMERICA AND CANADA
ON GREAT LAKES WATER QUALITY
The Government of the United States of America and the Government of Canada,
Determined to restore and enhance water quality in the Great Lakes System;
Seriously concerned about the grave deterioration of water quality on each side of the
boundary to an extent that is causing injury to health and property on the other side, as described
in the 1970 report of the International Joint Commission on Pollution of Lake Erie, Lake Ontario and
the International Section of the St. Lawrence River;
Intent upon preventing further pollution of the Great Lakes System owing to continuing
population growth, resource development and increasing use of water;
Reaffirming in a spirit of friendship and cooperation the rights and obligations of both
countries under the Boundary Waters Treaty signed on January 11, 1909, ' and in particular their
obligation not to pollute boundary waters;
Recognizing the rights of each country in the use of its Great Lakes waters;
Satisfied that the 1970 report of the International Joint Commission provides a sound
basis for new and more effective cooperative actions to restore and enhance water quality in the
Great Lakes System;
Convinced that the best means to achieve improved water quality in the Great Lakes
System is through the adoption of common objectives, the development and implementation of

cooperative programs and other measures, and the assignment of special responsibilities and
functions to the International Joint Commission;
Have agreed as follows:

'TS 548:36 Stat. 2448.
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ARTICLE I

DEFINITIONS
As used in this Agreement:
(a)

Boundary waters of the Great Lakes System or boundary waters means boundary
waters, as defined in the Boundary Waters Treaty, that are within the Great Lakes

System;
(b)

(0)

Boundary Waters Treaty means the Treaty between the United States and Great
Britain Relating to Boundary Waters, and Questions Arising Between the United States
and Canada, signed at Washington on January 11, 1909;
means regulations no less restrictive than agreed
Compatible regulations
principles;

(d)

Great Lakes System means all of the streams, rivers, lakes and other bodies of water
that are within the drainage basin of the St. Lawrence River at or upstream from the
point at which this river becomes the international boundary between Canada and the
United States;

(e)

Harmful quantity means any quantity of a substance that if discharged into receiving
waters would be inconsistent with the achievement of the water quality objectives;

(f)

Harzardous polluting substance means any element or compound identified by the
Parties which, when discharged in any quantity into or upon receiving waters or
adjoining shorelines, presents an imminent and substantial danger to public health or
welfare; for this purpose, public health or welfare encompasses all factors affecting
the health and welfare of man including but not limited to human health, and the
conservation and protection of fish, shellfish, wildlife, public and private property,
shorelines and beaches;

(g)

lnternational Joint Commission or Commission means the International Joint
Commission established by the Boundary Waters Treaty;

(h)

Phosphorus means the element phosphorus present as a constituent of various
organic and inorganic complexes and compounds;

(i)

Specific water quality objective means the level of a substance or physical effect that
the Parties agree, after investigation, to recognize as a maximum or minimum desired

limit for a defined body of water or portion thereof, taking into account the beneficial
uses of the water that the Parties desire to secure and protect;

(j)

State and Provincial Governments means the Governments of the States of Illinois,
Indiana, Michigan, Minnesota, New York, Ohio, Pennsylvania, and Wisconsin, and the
Government of the Province of Ontario;
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(k)

Tributary waters of the Great Lakes System or tributary waters
means all the waters
of the Great Lakes System that are not boundary waters;

(I)

Water quality objectives means the general water quality objectiv
es adopted pursuant
to Article II of this Agreement and the specific water quality objectiv
es adopted
pursuant to Article III of this Agreement.

ARTICLE [I
GENERAL WATER QUALITY OBJECTIVES
The following general water quality objectives for the boundary waters of the Great
Lakes System are adopted. These waters should be:
(a)

Free from substances that enter the waters as a result of human activity and that will
settle to form putrescent or otherwise objectionable sludge deposits, or that will
adversely affect aquatic life or waterfowl;

(b)

Free from floating debris, oil, scum and other floating materials entering the waters as
a result of human activity in amounts sufficient to be unsightly or deleterious;

(c)

Free from materials entering the waters as a result of human activity producing colour,
odour or other conditions in such a degree as to create a nuisance;

(d)

Free from substances entering the waters as a result of human activity in
concentrations that are toxic or harmful to human, animal or aquatic life;

(e)

Free from nutrients entering the waters as a result of human activity in concentrations
that create nuisance growths of aquatic weeds and algae.

ARTICLE III

SPECIFIC WATER QUALITY OBJECTIVES
1.
The specific water quality objectives for the boundary waters of the Great Lakes System
set forth in Annex 1 are adopted.
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The specific water quality objectives may be modified and additional specific water
2.
quality objectives for the boundary waters of the Great Lakes System or for particular sections
thereof may be adopted by the Parties in accordance with the provisions of Articles IX and XII of this
Agreement.

The specific water quality objectives adopted pursuant to this Article represent the
3.
minimum desired levels of water quality in the boundary waters of the Great Lakes System and are
not intended to preclude the establishment of more stringent requirements.
Notwithstanding the adoption of specific water quality objectives, all reasonable and
practicable measures shall be taken to maintain the levels of water quality existing at the date of
entry into force of this Agreement in those areas of the boundary waters of the Great Lakes System
where such levels exceed the specific water quality objectives.

ARTICLE IV

STANDARDS AND OTHER REGULATORY REQUIREMENTS
Water quality standards and other regulatory requirements of the Parties shall be
consistent with the achievement of the water quality objectives. The Parties shall use their best
efforts to ensure that water quality standards and other regulatory requirements of the State and
Provincial Governments shall similarly be consistent with the achievement of the water quality
objectives.

ARTICLE V

PROGRAMS AND OTHER MEASURES
Programs and other measures directed toward the achievement of the water quality
1.
objectives shall be developed and implemented as soon as practicable in accordance with legislation
in the two countries. Unless otherwise agreed, such programs and other measures shall be either
completed or in process of implementation by December 31, 1975. They shall include the
following:
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(f)

Pollution from Dredging Activities.

Measures for the abatement and control

of pollution from dredging activities, including the development of criteria for the
identification of polluted dredged spoil and compatible programs for disposal of
polluted dredged spoil, which shall be considered in the light of the review provided
for in Annex 6; pending the development of compatible criteria and programs,
dredging operations shall be conducted in a manner that will minimize adverse effects
on the environment.

2.
The Parties shall develop and implement such additional programs as they jointly
decide are necessary and desirable for the achievement of the water quality objectives.
3.
The programs and other measures provided for in this Article shall be designed to abate
and control pollution of tributary waters where necessary or desirable for the achievement of the
water quality objectives for the boundary waters of the Great Lakes System.

ARTICLE X

lMPLEMENTATlON
1.
The obligations undertaken in this Agreement shall be subject to the appropriation of
funds in accordance with the constitutional procedures of the Parties.
2.

The Parties commit themselves to seek:

(a)

The appropriation of the funds required to implement this Agreement, including. the
funds needed to develop and implement the programs and other measures prowded
for in Article V, and the funds required by the International Joint Commission to carry
out its responsibilities effectively;

(b)

The enactment of any additional legislation that may be necessary in order to
implement the programs and other measures provided for in Article V;

(c)

The cooperation of the State and Provincial Governments in all matters relating to this

Agreement.
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ARTICLE XI

EXISTING RIGHTS AND OBLIGATIONS
Nothing in this Agreement shall be deemed to diminish the rights and obligations of the

Parties as set forth in the Boundary Waters Treaty.

ARTICLE XII

AMENDMENT
This Agreement and the Annexes thereto may be amended by agreement of the Parties.
The Annexes may also be amended as provided therein, subject to the requirement that such
amendments shall be within the scope of this Agreement,

ARTICLE XIII

ENTRY INTO FORCE AND TERMINATION
This Agreement shall enter into force upon signature by the duly authorized
representatives of the Parties, and shall remain in force for a period of five years and thereafter until
terminated upon twelve months notice given in writing by one of the Parties to the other.

154_

ANNEX 1

SPECIFIC WATER QUALITY OBJECTIVES

1.

Specific Objectives.

The specific water quality objectives for the boundary waters of the

Microbiology.

The geometric mean of not less than five samples taken over not

Great Lakes System are as follows:

(a)

(b)

(c)

more than a thirty-day period should not exceed 1,000/100 millilitres total coliforms,
nor 200/100 millilitres fecal coliforms. Waters used for body contact recreatio
n
activities should be substantially free from bacteria, fungi, or viruses that may
produce enteric disorders or eye, ear, nose, throat and skin infections or other human
diseases and infections.

Dissolved Oxygen.

In the Connecting Channels and in the upper waters of the

Lakes, the dissolved oxygen level should be not less than 6.0 milligrams per litre at
any time; in hypolimnetic waters, it should be not less than necessary for the support
of fishlife, particularly cold water species.

Total Dissolved Solids.

In Lake Erie, Lake Ontario and the International Section

of the St. Lawrence River, the level of total dissolved solids should not exceed 200
milligrams per litre. In the St. Clair River, Lake St. Clair, the Detroit River and the
Niagara River, the level should be consistent with maintaining the levels of total

dissolved solids in Lake Erie and Lake Ontario at not to exceed 200 milligrams per

litre. In the remaining boundary waters, pending further study, the level of total
dissolved solids should not exceed present levels.

(d)

Taste and Odour.

(e)

pH.

(f)

Iron (Fe).

(g)

(h)

Phenols and other objectionable taste and odour producing

substances should be substantially absent.

Values should not be outside the range of 6.7 to 85.
Levels should not exceed 0.3 milligrams per litre.

Phosphorus

Concentrations should be limited to the extent necessary to

prevent nuisance growths of algae, weeds and slimes that are or may become
injurious to any beneficial water use.

Radioactivity.

Radioactivity should be kept at the lowest practicable levels and in

any event should be controlled to the extent necessary to prevent harmful effects on
health.

155

2.

Interim Objectives.

Until objectives for particular substances and effects in the classes

Temperature.

There should be no change that would adversely affect any local

described in this paragraph are further refined, the objectives for them are as follows:

(a)

(b)

(c)

(d)

(e)

3.

or general use of these waters.

Mercury and Other Toxic Heavy Metals.

The aquatic environment should be

free from substances attributable to municipal, industrial or other discharges in
concentrations that are toxic or harmful to human, animal or aquatic life.

Persistent Organic Contaminants.

Persistent pest control products and other

persistent organic contaminants that are toxic or harmful to human, animal or aquatic
life should be substantially absent in the waters.

Settleable and Suspended Materials.

Waters should be free from substances

attributable to municipal, industrial or other discharges that will settle to form
putrescent or otherwise objectionable sludge deposits, or that will adversely affect
aquatic life or waterfowl.

Oil, Petrochemicals and lmmiscible Substances.

Waters should be free from

floating debris, oil, scum and other floating materials attributable to municipal,
industrial or other discharges in amounts sufficient to be unsightly or deleterious.

Non-degradation.

Notwithstanding the adoption of specific water quality objectives, all

reasonable and practicable measures shall be taken in accordance with paragraph 4 of Article III
of the Agreement to maintain the levels of water quality existing at the date of entry into force
of the Agreement in those areas of the boundary waters of the Great Lakes System where such
levels exceed the specific water quality objectives.

Sampling Data. The Parties agree that the determination of compliance with specific
4.
objectives shall be based on statistically valid sampling data.

5.

Mixing Zones.

6.

Localized Areas.

The responsible regulatory agencies may designate restricted mixing

zones in the vicinity of outfalls within which the specific water quality objectives shall not apply.
Mixing zones shall not be considered a substitute for adequate treatment or control of discharges
at their source.

There will be other restricted, localized areas, such as harbours, where

existing conditions such as land drainage and land use will prevent the objectives from being met
at least over the short term; such areas, however, should be identified specifically and as early
as possible by the responsible regulatory agencies and should be kept to a minimum. Pollution
from such areas shall not contribute to the violation of the water quality objectives in the waters
of the other Party. The International Joint Commission shall be notified of the identification of such
localized areas, in accordance with Article VIII.
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7.

Consultation. The Parties agree to consult within one year from the date of entry into
force of the Agreement, for the purpose of considering:
(a)

Specific water quality objectives for the following substances:
Ammonia
Arsenic
Barium
Cadmium
Chloride
Chromium

(b)

8.

Copper
Cyanide
Fluoride
Lead
Mercury
Nickel

Oil
Organic chemicals
Phenols
Selenium
Sulphate
Zinc

Refined objectives for radioactivity and temperature; for radioactivity the objective shall
be considered in the light of the recommendations of the International Commission on
Radiation Protection.

Amendment.
(a)

The objectives adopted herein shall be kept under review and may be amended by
mutual agreement of the Parties.

(b)

Whenever the International Joint Commission, acting pursuant to Article VI of the
Agreement, shall recommend the establishment of new or modified specific water

quality objectives,

this Annex

shall be

amended in

accordance

with

such

recommendation on the receipt by the Commission of a letter from each Party
indicating its agreement with the recommendation.

ANNEX 2

CONTROL OF PHOSPHORUS

1.
Programs. Programs shall be developed and implemented to reduce inputs of
phosphorus to the Great Lakes System. These programs shall include:
(a)

Construction and operation of waste treatment facilities to remove phosphorus from
municipal sewage;

(b)

Regulatory measures to require industrial dischargers to remove phosphorus from
wastes to be discharged into the Great Lakes System;
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TABLE 2

ANNUAL PHOSPHORUS LOADING AND REDUCTIONS IN LOADING
TO LAKE ONTARIO
(including the Niagara River)

(SHORT TONS PER YEAR)

1971

1972

1973

1974

1975

1976

United States
BaseIoad
Reduction

6,900

7, 000
500

7, 200
500

7,400
2 , 100

7, 600
3 , 800

7, 700
5 , 100

Residual Load

6, 900

6, 500

6, 700

5, 300

3 , 800

2, 600

6, 700

6, 900

7, 000

Canada
BaseIoad

Reduction
Residual Load

7, 200

7, 000

7, 100

400
6, 300

400
6, 500

1 ,800

1 ,800

1 ,800

4 , 600

5,200

5, 200

5, 300

2, 600

4,800

4,800

4,800

4,800

4,800

4,800

18,400

18,700

19,000

19,200

19,500

19,700

Input from
Lake Erie

Totals
BaseIoad

Reduction
Residual Load

400
18,000

900
17, 800

2, 300
16, 700

3, 900
15,300

5 , 600
13,900

9, 700
10, 000

The amounts shown as residual loads in Tables 1 and 2 above do not
Reservation.
5.
constitute allocations to the two countries, but represent anticipated results of municipal and
industrial waste reduction and detergent phosphorus control programs.

6.

Refinement of Data.

The residual loads are based upon best available data. The

7.

Objective Of Programs.

Parties, in cooperation with the State and Provincial Governments and with the International Joint
Commission, shall continue to refine these estimates to ensure a comparable data base. These
estimates are subject to revision upon agreement by the Parties to reflect future refinement of
the data.

eutrophication

problems

in

the

The objective of the foregoing programs is to minimize

Great

Lakes

System.
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It

is

anticipated

that

successful

(c)

Regulatory and advisory measures to control inputs of phosph
orus through reduction
of waste discharges attributable to animal husbandry operati
ons.

In addition, programs may include regulations limiting or eliminat
ing phosphorus from detergents
sold for use within the basin of the Great Lakes System.

2.

Effluent Requirements.

3.

Industrial Discharges.

4.

Reductions for Lower Lakes.

The phosphorus concentrations in effluent from municipal

waste treatment plants discharging in excess of one million gallons
per day, and from smaller
plants as required by regulatory agencies, shall not exceed a daily
average of one milligram per
litre into Lake Erie, Lake Ontario and the International Section of
the St. Lawrence River.

Waste treatment or control requirements for all industrial

plants discharging wastes into the Great Lakes System shall be
designed to achieve maximum
practicable reduction of phosphorus discharges to Lake Erie, Lake Ontario
and the International
Section of the St, Lawrence River.

These programs are designed to attain reductions in

gross inputs of phosphorus to Lake Erie and Lake Ontario of the quantities
indicated in the
following tables for the years indicated.

TABLE 1
ANNUAL PHOSPHORUS LOADING AND REDUCTIONS IN LOADINGS
TO LAKE ERIE
(including Lake St. Clair and the St. Clair and Detroit Rivers)
(SHORT TONS PER YEAR)

1971

1972

1973

1974

1975

1976

Baseload
Reduction

25 , 800
100

Residual Load

25, 700

26 ,400
5, 200
21 , 200

27 , 000
9, 800
17,200

27 , 600
15, 100
12, 500

28 , 300
16,000
12,300

28, 800
17 , 300
11 , 500

Baseload
Reduction

3, 300
100

3, 300
100

3,400
600

3, 500
1, 400

3, 500
1 , 400

3, 600
1 ,400

Residual Load

3,200

3, 200

2,800

2,100

2,100

L200

Input From Lake
Huron

2, 300

2, 300

2, 300 2,400

United States

Canada

2,400 2,400

Totals

Baseload

Reduction
Residual Load

31 ,400 32 , 000 32, 700 33 , 500 34 , 200 34 , 800

200
31,200

5, 300
26, 700
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10, 400
22,300

16, 500
17, 000

17,400
16,800

18, 700
16,100

implementation of these programs will accomplish the following results, which are of critical
importance to the success of the joint undertaking to preserve and enhance the quality of the
waters of the Great Lakes System:
(a)

Restoration of year-round aerobic conditions in the bottom waters of the central basin
of Lake Erie;

(b)

Reduction in present levels of algal growth in Lake Erie;

(c)

Reduction in present levels of algal growth in Lake Ontario, including the International
Section of the St. Lawrence River;

(d)

Stabilization of Lake Superior and Lake Huron in their present oligotrophic state.

It is nevertheless recognized that additional measures and programs may be required to minimize
eutrophication problems in the future. Available evidence suggests that reductions in phosphorus
loadings to achieve a net discharge to Lake Erie in the range of 8000 to 11,000 tons per year may
be required to bring about mesotrophic conditions in this lake.

8.

Reductions for Upper Lakes.

The Parties, in consultation with the State and Provincial

Governments and with the International Joint Commission, shall within one year from the entry
into force of the Agreement determine the gross reductions in inputs of phosphorus that they agree

to seek for Lake Superior and Lake Huron (including the St. Marys River). Pending such

agreement, such limitations on municipal and industrial phosphorus discharges as may be
required by regulatory agencies to meet loading objectives or to prevent and control eutrophication
problems in Lake Superior and Lake Huron shall apply. Any more comprehensive findings resulting
from the study by the International Joint Commission of water quality in these lakes shall be taken
into account as soon as available.

9.

Commission Recommendations.

10.

Monitoring.

11.

Submission Of Information.

The Parties shall take into account, as soon as

available, the recommendations of the International Joint Commission made pursuant to its study
of pollution from agricultural, forestry and other land use activities, in order to develop and
implement appropriate programs for control of inputs of phosphorus from these sources.

The Parties, in cooperation with the State and Provincial Governments and

with the International Joint Commission, shall continue to monitor the extent of eutrophication in
the Great Lakes System and the progress being made in reducing or preventing it. They shall
consult periodically to exchange the results of research and to pursue proposals for additional
programs to control eutrophication.

The International Joint Commission shall be given

information at least annually, in accordance with procedures established by the Commission in

consultation with the Parties and with the State and Provincial Governments, concerning:
(a)

Total reductions in gross inputs of phosphorus achieved as a result of the programs
implemented pursuant to this Annex;
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(b)

12.

Anticipated reductions in gross inputs of phosphorus for the succeeding twelve
months.

Review and Modification.

In connection with the first comprehensive joint review of

the. operation and effectiveness of the Agreement conducted in accordance with paragraph
3 of
Article IX thereof, the effects of phosphorus control programs on the Great Lakes System
shall
be reviewed and further modifications in the programs undertaken pursuant to this Annex shall
be considered.

ANNEX 6

IDENTIFICATION AND DISPOSAL OF POLLUTED DREDGED SPOIL
1.

Definitions.

As used in this Annex:

(a)

Dredged spoil means the solid materials removed from the bottom of water bodies
generally for the purpose of improving waterways for navigation; these materials may
include mud, silt, clay, sand, rock and other solid materials that have been deposited
from municipal and industrial discharges and from natural sources;

(b)

Con fined area means an area developed for the deposit of dredge spoil that precludes
the return of the dredge spoil to open portions of the waterway; the area may be located
in the waterway or on other upland sites and may consist of dikes, levees, bulkheads,
cells or any other type structure that will retain the material;

(c)

Open-water means any part of the boundary waters of the Great Lakes System other
than a confined area;

(d)

Polluted dredged spoil means dredged spoil containing harmful quantities of oil,
hazardous polluting substances or other deleterious substances as designated by the
responsible regulatory agencies.

2.
Review. Pursuant to arrangements to be made by the International Joint Commission in
consultation with the Parties, a working group shall be established to undertake a review of
existing dredging practices, programs, laws and regulations with the objective of developing
compatible criteria for the characterization of polluted dredged sp0il and recommendations for

compatible programs governing the disposal of polluted dredged spa in open water. This rewew
shall be completed within two years from the date of entry into force. of the Agreement. The
working group shall conduct its study and formulate its recommendations on the baSIS of the
following principles:
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(a)

Dredging activities should be conducted in a manner that will minimize harmful
environmental effects;

(b)

All reasonable and practicable measures shall be taken to ensure that dredging
activities do not cause a degradation of water quality and bottom sediments;

(c)

As soon as practicable, the disposal of polluted dredged spoil in open water should be
carried out in a manner consistent with the achievement of the water quality objectives,
and should be phased out.

3.
Consultations. Upon completion of the review provided for in paragraph 2 above, the
Parties shall consult pursuant to Article IX of the Agreement to consider and act upon the
recommendations of the working group.

4.

Interim Actions.

Pending the development of compatible criteria and programs:

(a)

Dredged spoil found by the appropriate regulatory agencies to be polluted shall be
disposed of in confined areas when they are available;

(b)

The responsible agencies shall continue efforts to develop sites for confined areas.

AGREEMENT BETWEEN
CANADA AND THE UNITED STATES OF AMERICA
ON GREAT LAKES WATER QUALITY

APPENDIX I

REDUCTIONS IN INPUTS OF PHOSPHORUS IN LAKE SUPERIOR AND LAKE HURON
The Department of State refers to Embassy of Canada to Section 8 of Annex 2 of the
Great Lakes Water Quality Agreement between the United States and Canada. In that Section, the
United States and Canada undertook jointly to determine gross reductions in inputs of phosphorus
to be sought in Lake Superior and Lake Huron.
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I
This matter has been considered by the Internationa
l Great Lakes Water Quality Board,
which has recommended, pending further studies,
the adoption of the following tables of gross
reductions in phosphorus loadings (in short tons per
years):

Lake Superior
United States

1973

1974

1975

1976

1977

Baseload
Reduction

1 ,505

Residual Load

1 ,530
80

1 ,555
145

1,505

1 ,580
480

1,450

1 ,605
95

1,410

1,100

1,110

920

935

950

Canada
Baseload

Reduction

Residual Load

i

825

m

835

w

850

965

1_0_5

980

860

m

870

Lake Huron

United States

1973

1974

1975

1976

1977

Baseload
Reduction

1 ,565
115

1 ,600
200

1 ,635
210

1 ,670
215

Residual Load

1 ,705
555

1 ,450

1 ,400

1 ,425

1 ,455

1 , 150

1 ,380

1 ,400

1 ,465

240

_24~5

__2

1 ,250

1 , 195

1 ,225

1 ,235

1 ,255

Canada
Baseload

Reduction
Residual Load

130

205

1 ,480

1 ,500

The amounts shown as residual loads in the above tables do not constitute allocations
to the two countries but represent anticipated results of municipal and industrial waste reduction
and detergent phosphorus control programs.
The United States, in consultation with affected States, has reviewed the reductions in
phosphorus loadings to Lakes Superior and Huron recommended by the International Great Lakes

Water Quality Board, and believes that these recommendations prowde a desirable ba5is for an

agreement on reductions in phosphorus loadings to be sought in Lakes Superior and Huron.

Accordingly, the Department of State proposes that the Governments of the United
States and Canada agree to seek to obtain the gross reductions in inputs of phosphorus to Lakes
Superior and Huron as listed in the above tables, in implementation of Section 8 of Annex 2 of the
Great Lakes Water Quality Agreement.
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If the foregoing proposal is acceptable to the Government of Canada, the Department
of State proposes that this Note and the Embassy of Canada s reply shall constitute an agreement

between the Government of the United States and the Government of Canada. The agreement shall

Lakes
enter into force on the day of the Embassy s reply and shall constitute Appendix I of the Great

Water Quality Agreement.

Department of State,
Washington, November 21, 1973

No. 470
The Embassy of Canada presents its complements to the Department of State and has

2 of
the honour to refer to the Iatter's Note of November 21, 1973 concerning Section 8 of Annex
jointly
the Great Lakes Water Quality Agreement, which Canada and the United States undertook
Lake
and
Superior
Lake
to
loadings
s
phosphoru
to determine gross reductions in inputs of
Huron.

The Government of Canada recognizes that this matter has been considered by the
have
International Great Lakes Water Quality Board, and the International Joint Commission, which
s
phosphoru
in
reductions
gross
of
tables
the
of
recommended, pending further studies, the adoption

loadings which are contained in the Department of State s Note.

The Government of Canada agrees that the amounts shown as residual loads in the
of
tables do not constitute allocations to the two countries but represent anticipated results
programs.
control
phosphorus
municipal and industrial waste reduction and detergent
The Government of Canada in consultation with the Provincial Governments has
reductions in phosphorus loadings to Lakes Superior and Huron recommended by the
the
reviewed
International Great Lakes Water Quality Board, and the International Joint Commission, and
proposed by the Department of State, and agrees that these recommendations provide a desirable
basis for an agreement to seek reductions in phosphorus loadings to Lakes Superior and Huron in

accordance with the terms of the Great Lakes Water Quality Agreement.

It is the understanding of the Government of Canada, therefore, that the Department
of State Note of November 21, 1973 and this reply constitute an agreement between the
Government of Canada and the Government of the United States, to seek to obtain gross reductions
in the inputs of phosphorus to Lakes Superior and Huron, as listed in the Department of State Note,
in implementation of Section 8 Annex 2 of the Great Lakes Water Quality Agreement. This
agreement enters into force on the date of this reply and constitutes Appendix 1 of the Great Lakes

Water Quality Agreement.

The Embassy of Canada avails itself of this opportunity to renew to the Department of
State the assurances of its highest consideration.

Washington DC.

November 21, 1973
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APPENDIX B

RESEARCH AND INVESTIGATION PROGRAMS
RELATING TO DREDGING ACTIVITIES
UNDERTAKEN BEFORE AND DURING

THE PERIOD SPECIFIED IN THE GLWQA

APPENDIX B
Research and Investigation Programs Relating to Dredging Activities
Undertaken Before and During the Period SpeCilied in the GLWQA

UNITED STATES
The following status summary of the Dredged Material Research Program. US. Corps
of Engineers reflects the work completed and in progress as of 1
October, 1974.

Work Units
Task 1A:

Contractor or Mode of Conduct

Scheduled

Funding

Completion

Level

Jun 75

$308 , 480

Status

Coastal Disposal Area Field Research

lAOl

Collection & Assessment ol Data
on Open Water Disposal Sites

lnterlaboratory team. WESl

1A04

Development ol Information Storage
and Retrieval System

Concrete Lab, WES

75

84,000

Active

1A02

Determination 01 Benthic
Colonization Control Factors

EEL, lwes

74

18.600

Completed.

Monitoring Equipment, Methodology.
and Institutional Capabilities
Survey

MESL,

May 74

57,000

Draft report being
rewewed

A NationWide Calibration,
Standardization, and Evaluation of
Environmental Monitoring
Instrumentation for the Aquatic

.National Oceanographic
Instrumentation Center,

75

60 . 000

Active

lnterlaboratory team , WES

75

63.300

Active

75

97,105

Active

75

2011.000

Active

75

203,931

Active

75

208,193

Active

184.866

Active

1A03

1A03A

Disposal Research

1A05

1A06

Dralt report being
revrewed

wes

Data

input to 1A05

NOAA, Rockwlle, Md.

Proiect

Selection of Test Sites and DeSign
of Field Studies, Open7Water
Dredged Material Disposal Sites
Eatons Neck (New Vork) Field

Study

1A06A

An Investigation of the Hydraulic
Regime, the Meteorology, and the
Physical Nature of Bottom
Sedimentation in the Eatons Neck
Disposal Site

Dept. of Geology & Geophysms.
Yale UniverSity,
New Haven. Conn.

1A068

An Investigation 01 the
Water Quality Parameters and the

State University at New York

Jun

at Stony Brook, N.Y.

Physico~Chemical Sediment

Parameters at the Eatons Neck
Disposal Site

1A06C

Baseline Studies of Plankton,
Nekton,

and Benthic

Invertebrate

Populations of the Eatons Neck
Disposal Site
1A07

New Vork Ocean Soience Lab.
Montauk. N.Y.

Columbia River (Oregon) Field Study

1AO7A

An Investigation ol the Hydraulic
Regime, the Meteorology, and the
Physical Nature of Bottom
Sedimentation in the Columbia River
Disposal Site

Dept. of Oceanography,
UniverSity of Washington,
Seattle. Wash.

1AO7B

An Investigation of the
Water Quality Parameters and the
PhySIco Chemical Sediment
Parameters at the Columbia River
Disposal Site

Oregon State UniverSIty,
Corvallis. Oreg.

1AO7C

Baseline Studies at Benthic
Invertebrate Populations at the
Columbia River Disposal Site

Oregon State Universny,
Corvallis, Oreg.

75

Being negotiated

1A07D

Baseline Studies of Plankton
Populations at the Columbia River
Disposal Site

Oregon State UniverSIty.
Corvallis, Oreg.

Jun 75

Being negotiated
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Jun

1AO7E

Work Units

Contractor or Mode of Conduct

Baseline Studies of Fisheries
at the Columbia River Disposal Site

National Marine Fisheries
SerVice. NOAA. Seattle,

Scheduled
Completion

Funding
Level

Status

Being negotiated

1A08

Ashtabula (Ohio) Field Study

Awaiting proposals

1A09

Galveston (Texas) Field Study

Awaiting proposals

Task 18:
1301

1302

1303
1304

Movements of Dredged Material
Investigation 01 Mathematical
Models ior Predicting the PhySical
Fate of Dredged Material

Hydraulics Lab. WES

Development oi a Model

Tetra Tech. Inc..
Pasadena, Calif.

for

Prediction of ShortrTerm Fate of
Dredged Material Discharged in
the Estuarine EnVIronment

28. 400

Completed. Final
report published

98. 310

Active

Koh Chang Model on WES Computer

Hydraulics Lab. WES

Jun 74

.100

Assessment of Factors Controlling
the Long Term Fate oi Subaqueous

Texas A&M Research
Foundation. College
Station. Tex.

Apr 74

26. 777

Banks of Dredged Maternal

Complete
Drait report being
reViewed
Being negotiated

1305

Lonngerm Sediment Transport
Research

Contract

1306

Evaluation oi Kothhang Model
(Phase 1) and SenSitiVIty Analyses

Hydraulics Lab. WES

1307

Field Verification oi Koh Chang
Model and Further SenSitiVIty
Analysis

Hydraulics Lab. WES

Task 1C:

Oct 73

. 500

Active

Jan 75

.500

Planned

Completed.
No
report published

Effects of Dredging and Disposal on Water Quality

mm

Determination of Chemical Migration
Control Factors

EEL. WES

Aug 73

.750

1 C03

Direct and Indirect Effects of
Sediment Organic Fractions on the
Mobilization and Immobilization oi
Various Contaminants During Dredging
and Disposal of Sediments

CRREL

Feb 75

126, 600

Active

1004

Study oi Mobilization and
Immobilization oi PestiCides into
Water Column During Dredging and
Disposal

EnVIrex, Inc..
Milwaukee. Wisc.

94.

680

Active

1C05

Study oi Eh. pH. and DO Effects on
Chemical Constituent Migration
During Open Water Disposal of
Dredged Material

Agronomy Dept. .
Lomsiana State UniverSity.
Baton Rouge. La.

89, I71

Active

1C06

Effect of DisperSIon. Settling. and
Resedimentation on Migration of
Chemical Constitutents During
Open Water Disposal of Dredged
Material

Dept. of Enwronmental
Engineering. University of
Southern California.
Los Angeles. Calif.

97. 565

Active

Oct 74

46. 329

Active

Jul 74

49, 664

67.

Task 10:

Effects of Dredging and Disposal on Aquatic Organisms

1D01

Assessment of Aesthetic and
Ecological Significance of
Turbidity in Various Aquatic
Environments

Living Marine Resources.
Inc.. San Diego. Calif.

1 002

Assessment of Equment.
Methodologies, and Institutional
Capabilities Available for
Conducting or Developing
Bioassays

Wapora,

l DO3

Determination of the Vertical
Migration Ability oi Benthos in
Dredged Material Deposits

University of Delaware.
Newark, Del.

Mar 75

1D04

Application of Simulated Ecosystem
Modeling to Dredged Material

EEL. WES

Jun 74

Inc.. Washington.

DC.

i 000

Drait report being

reviewed

Active

Draft report being
reviewed

Research (Phase 1)

1006

RFP being
advertised

Availability of Sediment Absorbed

Heavy Metals to Benthos. with
Particular Emphasis on Deposit
Feeding lnfauna
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1007

1008

Work Units

Contractor or Mode of Conduct

Study of the Availability of
Sediment Absorbed Pestimdes (DDT,
Chlordane, Malathion) to Benthos
with Particular EmphaSis on
Deposit Feeding Infauna

LFE Environmental AnalySis
Labs, Richmond, Calif.

DeSIgn and Establish Estuarine

EEL, WES

Ecosystem Simulation

1009

The Effects of the PhySical
Characteristics of Suspended
Particles on Benthos (Particle

Scheduled
Completion

Sep 75

Funding
Level

95, 237

199, 000

Status
Active

Draft report being
reVIewed

Contract

Being negotiated

Concentration, Size Distribution,
and Shape):
Comparison of
Geographical Races
1010

Effects of Dredging and Dredged
Material Disposal on Benthos and

the Marine Environment
Task 1E:

San Jose State University,
San Jose, Calif.

82. 042

Pollution Status of Dredged Material

1E03

Development of Dredged Material
Disposal Criteria

Texas A&M UniverSity,
College Station, Tex.
(Subcontract to
University of Texas at
Dallas)

130, 953

1E04

investigation of Partitioning of
Various Elements in
Dredged Material

EEL, WES

193. 500

1E05

Development of Information Storage
and Retrieval System

WES

1E06

Biological Assessment of Standard
Elutriate Test

EEL, WES

Task 2A:

Interim report

published; study
active

Active

Planned
160.

Active

119, 620

Draft report being
reviewed

Upland and Marsh Disposal Environmental Impacts

2A01 2801

Methodology for Assessmg the
Social, Economic, and EnVIronmental
Effects of Dredged Material Disposal
on Marsh and Upland Areas

Battelle Memorial Institute,
Columbus, Ohio

Sep 74

2A02

Collection and Assessment of Data
on Land Disposal Sites and
Selection of Initial Test Sites

lnterlaboratory team, WES

Nov 74

2A03

Design of Basic Field Investigation

MESL, WES

2A04

Environmental impact of Dredging at
Crosby Slough

LaCrosse, Wisc.

2802

Nationwide Survey of Dredged
Material Disposal Sites in
Coastal Wetlands Areas

Task 2C:

Active

73,

,350

Draft report being
reviewed
Draft report being
rewewed

University of Wisconsin,

Jun 75

25, 274

Active

lnterlaboratory team, WES

Oct 73

67, 900

Draft report being
reviewed

Containment Area Operation Research

2C02

Study of the Feasibility of the
Functional Use of Vegetation for
Slurry Filtering, Pollutant
Constituent Removal, and Dredged
Material Desiccation

EEL, WES

37, 500

Active

2C04

Development of De5ign and
Construction Guidelines for
Dredged Material Retaining Dukes

Savannah District. CE

38, 000

Active

2005

Analysis of Functional Capabilities
and Performance of Pervious Dikes,

Dept. of Civil Engineering,

86, 786

Active

Sandfill Weirs,

and Related

Effluent Filtering Systems

2C06

Identification of Nature and
Distribution of Objectionable
Environmental Conditions in

Northwestern University,

Evanston, Ill.
Arthur D.

Little, Inc.,

Cambridge, Mass.

Dec 74

34, 990

Final report in
publication

Confined Disposal Areas

2008

Development of Guidelines for
Containment Facility Design

lnterlaboratory team, WES

Feb 74

55, 000

Draft report being
reViewed

2C09

Development of Concepts Using
Low Ground Pressure Construction

MESL, WES

Oct 74

21 i 000

Active
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Contractor or Mode of Conduct

Work Units

Scheduled
Completion

Funding
Level

Status

Eqmpment for Containment Area
Operation and Maintenance

2C10
5E01

Task 3A:

Demonstration of Dredged Material
Drying by Use of Vegetation

Biological Water Puritication,
Inc., New York, N.V.

Dec 75

20,300

Active

Landscaping Concept Development for
Confined Dredged Material Disposal
Sites

Roy Mann Assoaates,
Cambridge, Mass.

Mar 75

39,772

Active

SPL. " was

Oct 74

57.500

Active

Jan

69,511

Active

Jul 74

86.438

Final report
publication

in

Jul 74

24,967

Final report
publication

in

Aquatic Disposal Concepts Development

3A01

Investigation of Subaqueous Borrow
Pits as Potential Sites for Dredged
Material Disposal

3A02

State ofathe Art Survey and
Evaluation of Open Water Dredged

JBF SCIentific Corp
Burlington, Mass,

,

75

Material Placement Methodology

Task 4A:

ArtifiCial Marsh and Island Creation

4A01

Study of Identification of Relevant
Criteria and Survey of Potential
Application Sites. Including Test
Sites, for ArtifiCiaI Creation of
Marshes

4A03

Survey and Evaluation of Marsh
Plant Establishment Techniques

4A04A

Productivny of Minor Marsh Grass
SpeCies and Their Substrate

Coastal Zone

Wilmington,

Resources Corp..

N.C.

UniverSIty of Michigan,
Ann Arbor,

Mich.

Jun 75

141,523

Active

Dept. of Marine Selences.

Jun 74

24,370

Active

Dept,

of Enwronmental

May 75

119.240 Active

Dept

of Marine SCIences,

Jun 75

145,195

Jun 74

73,000

Draft report being
reViewed

Active

UniverSIty of Georgia Marine
Institute,

Sapelo Island,

Ga

Selective Properties (Atlantic Coast

Area)
4A04l3

4A05

Productivity of Minor Marsh Grass
Species (Gulf Coast Area)
Modeling of Ecological Successwn

and Production in Estuarine Marshes

Loui5iana State UniverSIty,
Baton Rouge, La.
SCIences, Univ. of Vll glltlai
Charlotteswlle, Va.

4A06

Physiological Response of Marsh
Plants to Envrronmental Stress

4A0?

Concept Development and Economic
and Enwronmentat Compatibility
AnaIySIs of Underwater and Floating
Dredged Material Retaining and
Protective Structures

EEL,

4A08

Development of Guidelines for

Center tor the Enwronment
& Man. |nc.. Hartford. Conn

Jan 75

62.884

EEL. WES

Jun 74

185,000

Material

Creation

Placement in Marsh

4A09

Design and Establish Salt Marsh
Ecosystem Simulation

4A10

Brantord Harbor (Connecticut)

LOUISIana State UniverSity,
Baton Rouge, La.
WES

Active

Draft report being
reviewed
Planning

Field Study
Planning

4A1]

James River (Virginia)

4A12

Sapelo Island (Georgia) Field Study

Planning

4A13

Bolivar Peninsula (Texas) Field

Planning

Study

4A13A
4A14
Task 48:

4801

Field Study

Topographic Survey of Bolivar
Peninsula Habitat Creation Site

Galveston District. CE

Sep 74

7,000

Planning

Grays Harbor (Washington) Field
Study
Habitat Development

Completed
no
report planned

Research

Identification and Assessment of
Modes, Needs, Benefits, and
Constraints of Habitat Enhancement

Hittman Assomates,
Columbia. Md

Nov 74

65,343

Active

4804

Essex (Connecticut) Field Study

Planning

4805

Columbia River (Oregon) Field

Planning

Study
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_

Scheduled

Funding

Work Units

Contractor or Mode of Conduct

Regional Identification of Species
Affected by Dredging/Disposal

MESL , WES

Assessment 01 SpeCIes' Habitat

MESL, WES

Dec 74

50. 000

Active

Study of Successronal Patterns of
Plants and Animals at Upland
Disposal Areas

Coastal Zone Resources Corp ,
Wilmington, N.C,

May 75

78, 395

Active

Review and Examination of Disposal

Dames & Moore,
San FranCIsco, Calif

Jul 74

84. 810

Draft report being
reviewed

Arthur D Little, Inc.,
Cambridge, Mass.

Oct 74

39. 566

Active

Dames & Moore.
San Francrsco, Calit.

Nov 73

55. 858

Final report in
publication

EEL, WES

Dec 74

. 000

Concept Development for Appurtenant
Containment Area Facilities for
Dredged Material Separation, Drying,
and Rehandling

Hittman Associates.
Columbia, Md

Feb 74

94. 968

Concept Development
Evaluation

Hittman Assooates.
Columbia, Md.

Nov 74

Classification and Determination
of Engineering and Other Physical
Characteristics of Dredged
Material

EEL, WES

Jun 75

70,

Systems Cost Analysis of Confined
Disposal Practices

CERL7

Aug 75

75.

5C04

Study of Regional Landfill and
Construction Material Needs in
Terms of Dredged Maternal
Characteristics and Availability

Green Assomates, Inc.
Towson, Md.

Jul 74

66. 793

Final report
published

5C06

Investigation of Legal, Policy,
and Institutional Constraints
Associated with Dredged Material
Marketing and Land Enhancement

American Technical
A55istance Corp,

Mar 74

56. 653

Final report in
publication

Dept. of EnVironmental
SCIences, Univ. of Virginia.
Charlotteswlle, Va.

Jul 74

78.

Active

Apr 74

41

5801

Completion

Dec 73

Level
45

Status

. 000

Operations

5802

Reqmrements and Responses of

Completed

Jomt

5801 5802 report
to be published

Populations to Habitat Conditions

5803

5804

Area Filling Techniques and

Rates

to Identify Nonconflicting Wildlife
Enhancement Alternatives

Task 40:

Product Research

4001

Task 5A:

A FeaSIbility Study of Lawn Sod
Production and/or Related Activities
in Dredged Material Disposal Sites
Dredged Material Densrtication

5A01

Methodology for Dredged Material
Reclamation and Drainage

5A02

Task SC:

A Laboratory Study 01 Dredged
Material Slurry Water Loss Due
to Mechanical Agitation
Disposal Area Reuse Research

5001

5C01A
5C02

5CO3

Task 5D:
5001

Task 68:

Field

McLean.

Final Report in
publication

.587

Final report being
prepared
Active

000

Va.

Active

Disposal Area Land Use Concepts
Some Economic Aspects of Dredged
Material Disposal:
Creation of
Waterfront Recreational
OPportunilies in Urbanized Areas
Treatment of Contaminated Dredged Material

6801

Assessment of Chemical, Phy5ical,
and Biological Processes for
Treatment of Dredged Material

JBF Scientific Corp.

6802

Laboratory Treatability Studies of
Polluted Dredged Material

EEL, WES

Task 60:

Active

Burlington, Mass.
Jun

74

. 900

112. 000

Dratt

report being

reviewed
Active

Turbidity Prediction and Control Research

6C01

Laboratory Study Related to
Predicting the TurbidityAGeneration
Potential of Sediments to be Dredged

Contract

6C02

Nature and Degree of Turbidity
Generated by Current Dredging
Practice

Contract

RFP being

advertised

6C03

Work Units

Contractor or Mode of Conduct

Investigation ot Techniques for

Contract

Scheduled
Completion

Funding
Level

Status
Proposals being
evaluated

Reducmg Turbidity Associated With
Present Dredging Procedures and
Operations

6C04

Assessment of Chemical Flocculants
& FrictionrReduCing Agents for
Application in Dredging & Dredged
Material Disposal

SPt, WES

6C05

Development Potential ol Dredging

Contract

6CO6

AnalySis of Functional Capabilities

2t+ 5
Task 9A

mebwmi

9A0]

Mar /4

24.000

Final report being
prepared

Equipment to reduce turbidity

Contract

RFP being
advertised

Contract

RFP being
advertised

and Performance at Silt Curtains

i

Research Results Applications

Information Dissemination and
Technology Transfer System for the
Dredged Material Research Program
Waterways Experiment Station
Environmental Effects Laboratory
Mobility and Environmental Systems Laboratory.
National Oceanic and Atmospheric Administration

Cold Regions Research and Engineering laboratory, U 8 Army
Spits and Pavements Laboratory
Construction Engineering Research laboratory, U S Army.

CANADA
The followmg status summary of research and investigations directly related to dredging actiVities in the Great Lakes sponsored by the Departments of Public
Works and ot Enwronment reflects work completed and in progress as of 1 April, 1975.
Study Title

Contractor

Purpose

Est. Cost

Scheduled Completion Date

Pilot Island for
Disposal of
Contaminated
Dredgings

Management: D.P W
Construction:
Dean
Construction Ltd
Monitoring:
D O.E
Termarex Ltd

The purpose at this proiect is
to study the behaVIour of

$430,000

Preliminary results:
December l973
May,
Final results:

&

contaminants in an artiliCial
island.
The study is expected
to indicate appropriate

operating procedures for
filling such an island,
determine the extent of
contamination in the
displaced and supernatant

water, develop necessary

treatment methods where

reqwred, determine the

quantities of contaminants

leaving the island With the
outflow of water through dikes
of different cross section,
through atmospheric release,
and to test various methods
of controlling these
releases.

Experiments to
Determine Met hods ol
Containing Mercury
Polluted Dredg ed Spoil
in Earth Dikes

Queen's University.
Kingston, Ontario

To study methods 01 retaining
mercury polluted dredged

material inSide earth dikes usmg
dike covering layers of various
naturally occurring materials,
This laboratory study is
carried out to obtain a
correlation between laboratory
experiments and the full scale
study of the Pilot Island for
the disposal of contaminated
dredgings.
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$ 30.000

August 1974

1915

Study Title

Contractor

Bottom erOSion
caused by the passage
of vessels through
channels With limited

Model Tests

bottom clearance

Universny,

Ontario.

Tests.
awarded

Queen's
Kingston,

Full Scale

Contract not yet

Purpose

Est . Cost

Scheduled Completion Date

The purpose of this study 15 to

$ 10,000

Model tests:
Full scale tests
expected fall of
19/5

to assess the resuspensmn of

bottom sediments by ships in
order to compare the pollution

caused by dredging with the

Completed

pollution caused by naVigation.

Full scale tests involvmg
comparisons between a

working dredge and Great
lakes shipping vessels Will
be carried out to verify the
model test results,

DeSign of and tests

The purpose of this study is

With an experimental
cutter

$ 20,000

to develop a hydraulic dredge

cutter head assembly which WI

Tests completed

October,

1974:

compilation
(all. 19/5

reduce the quantity of fine

bottom sediments resuspended
but not entering the suction
mouth.

Analysis of a
Pneumatic Dredging
System

The newly developed

Disposal of

$

3,000

March 1973

introduced into North America
A preliminary assessment has
been carried out,

Assessment of
Shrouded Clamshell
Buckets
Development of a
Simple Procedure for

Pneuma

system has not yet been

Quantitative evaluation of the
effectiveness with respect to

$ 10,000

Fall 1976

$ 12,445

February 1974

$ 30,000

February 15.

$ 15,000

September 1973

March 31, 1973

pollution control of a
shrouded clamshell bucket
Pollutech Pollution

Adwsory SerVIces Ltd.

The purpose ot this pi oyect is
to prowde a Simple test

procedure to biologically
characterize dredged materials
The proiect WI determine

Contaminated
Dredgings

selectiwty and toxicny
responses l0r live chosen
benthic speCies.
Development of

Gwdelines to Assess
the Pollution
Potential of Different
Dredging Methods,

R.L. Walker and Partners

The purpose of this proyect is
to establish goidelines to
faCIlitate

1974

evaluation of speCific

dredging, transport and disposal
programs on a cori5isterit basis

and to tacilitate determination
of the combined dredging/

Transportation and

Disposal Techniques

transport/disposal practice

least likely to contribute to
the deterioration of water
quality under specific
conditions.

Analy5is of Bottom
Sediments from Great
Lakes Regional
Sampling Programs

B Cook (Contract
liaison by takes Research
Div., CCIW)

X.R,F

analyses of Great Lakes

bottom sediment samples, to show
the regional distribution of
major and trace elements and
nutrients; and to provide data

for factor ana|y5is and
correlation of variables.
Calibration of
X . R. F.

8, Cook (Contract
liaison by Lakes Research
DIViSion CCIW)

Calibration of X,R,F faCiIity,
at CC!W, tor online analyses of
an extended selection of trace
metals.

$

Critical Sediment

(Contract liaison by
Hydraulics Dinion,
CCIW)

Compilation of critical

$ 30,000

April

$ 15,000

April 1974 (Report by

Velocmes

Disper5ion, in
Deep Stratified
Water

B G Krishnappan 7
CCIW Hydraulics (and
contract

hardware)

sediment velomty measurements

2,500

1974

to be made in sediment flumes,
and to be related to sediments
taken from channel areas of the
ErierOntario basm; to allow
speCIfic channel bed hydraulic
characteristics to be assessed.
Model tests on the disper5ion ol
dumped materials in deep,

midAIake enwronments and the
Significance ol stratification
of the water column
At the
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Krishnappan completed
June 1973)

Study Title

Contractor

Purpose

Est. Cost

Scheduled Completion Date

Phase I
$ 9900

Study should be largely
completed by March 1974

present time, Great lakes data
is almost completely absent and
no theoretical analysis is
available as a viable
alternative to assess this
problem

Construction and
Evaluation of Lake
Column Simulators

Techwest (Vancouver)

(Contract liaison by
Lakes Reseaich DiviSion
and Fisheries Research
Board 7 CCIW)

Phase I to deSign and evaluate
a bank of eight Simulator
columns approximately 1
diameter by 4 5 m high,

m

and to conduct materials
testing to ensure a

Phase ll
Approx.

$150,0007
200 000

contaminantefree system.
Phase ll to construct and test
a bank at SIX or eight simulator

colunins

half to be used for

Interface

and exchange studies

Simulating organic and

inorganic sediment water exchange
processes as observed under

lacustrine conditions and half
to observe and study biotic

processes under controlled
lighting and thermal structure
regimes and in relation to
sedimentrwater systems

Study to Assess
Dredging Activities in
Selected Areas Within
the Great Lakes

Chemeernvirocon ltd
(Calgary & Vancouver)
Contract liaison by
Lakes Research

DIVISion v CCIW

$ 55000

To assess the effect of
selected dredging and dumping

actIVIties on a BEFORE. DURING,
and AFTER basis
Studies have
been deSigned to look at the

March 19/4 (Cost and

completion may change
subiect to weather and
dredging schedule)

phySical and hydrographic
aspects of the Sites, the
geochemistry and engineering
properties of the sediments, and

the related benthic communities
ln addition

speCIal studies

have been made to look at the
possmilities of exchange
which may take place in

sediment plumes related to both

dredging and dumping

actiwties.

A preliminary assessment of
repopulation of benthic forms
is also included.
Synthe5is and
Interpretation of

Lakes Research
DiviSion A CClW

Great Lakes sediment
Data

To synthesize and interpret all

$ 15.000

Final deadline not fixed

$

March 19/11

available sediment data. from

the Great Lakes region to
indicate the Significance of
sediments from dredging Sites
as a pollutant. to show the
potential background levels of
various nutrient and trace
element compositions, and to

indicate the senSitiVity of the
sedimentary enwronment to

all forms of dredging and
dumping actiVities
To

assess all available sediment

data (phySical, geochemical

engineering and stratigraphic)

from the Great lakes region
as it relates

to the problem

of all the various forms of
dredging and

Agricultural
Potential of Polluted
Sediments

Jane Judge (Proiect
liaison and DI OjeCl
direction i0intly between

Lakes Research
Dinion 7 CCIW
and Department

Agriculture Research
Station. Ottawa)

dumping actIVIties

By means of controlled
greenhouse experiments to make
a preliminary assessment of the
ability to develop desuable
textural conditions. the
ability to support plant growth
and the relative uptake (plant)
and re5idue (in s0il) of various
toxic "trace metal components
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4000

Study Title

Contractor

Purpose

Est. Cost

Scheduled Completion Date

and the compartmentalization of
such tor polluted sediment
materials taken from selected
dredged sites in the lower
Great Lakes in 1973
Solubility and
Stability of Metal
Complexes in Dredged
Sediments

Lakes Research
DIVI3i0n
CClW

To study the solubility and
stability of metal complexes in
dredged sediments under
different conditions. and in
particular the posSIbility of
release of macro and micro
nutrients (or tox1cs) by the
leaching action of rainwater or
groundwater percolation
and return to the lakes

attention is being given to
both laboratory and in Situ
field LySImeter studies.
Methat Fulvate
Complexes

V, Cheam (Contract
Liaison lakes Research
DIViSIOn 7 CClW)

$ 20.000

Fall 1975

program

modified in response to
poor weather conditions

late in 1974

cost

likely to increase to
20 k

Special

To complete ongomg studies

(Task &

on metal tulvate complexes
in relation to natural and

portion)
approx.

artitICIal chelation actiVIty 7

December 1973

$ 10.000

obtaining thermodynamic data

on meta|7tulwc acid chelation
reactions.

Treating
Contaminated Bottom
Sediments

H G, Acres 7 Ontario
(Contract Liaison Lakes

Research DIVI5ion 7 CClW)

To examine

methodsof treating

contaminated bottom sediments

$

3.000

January 1974

and to prepare an outline

deSIgn to study and identity and

develop processes with high

potential. related to
mechanical inver5ion. pelletizing

or chemical stabilization.
bottom sealing,
Evaluation of
Procedures for
Removing and
Decontaminating
Bottom Sediments In
the Lower Great
Lakes
Lakes St. Clair
Pilot Island Study

H.G. Acres 7 Ontario
(Contract Liaison.

Lakes

Research Dinion. CCIW)

and

To complete an overVIew of
the problems and success of
removrng and decontaminating
bottom sediments and to consider
such in relation to dredging

$ 38.500

August 1972

$

2,500

March 1974

$

1.500

February/March 1974

To complete a field survey

$

5000

Fall 19/4

and selective sampling program

(approx.)

and dumping practices in the

Great Lakes.
Chemex Enwrocon Ltd,
in coniunction With

Lakes

Research DiviSion 7 CCIW.
Enwronmental Protection
SerVIce, and Ontario
Provmcial agencies.

To assess the background
influences which might affect
the character and effectiveness
of the DPW pilot island protect,
With particular emphasis on

prowsion of background data
relating to Site selection; but
also in relation to adVIce on
dredging locality and

assessment of initial materials

behaVIour as deduced from

cores and LySImeter studies.

Chemex Envrrocon

Study of a
Dredge/Dumping
Plume 7 Bronte,

Ontario

To characterize the plume of
dumped material. at an offshore
lake disposal Site. To assess

Lake

the general phy5ica|

characteristics and to prowde
a ba5is for comparison With
theoretical studies completed

at CCIW.
197475 Field

Studies at Thunder
Bay,
Bay,

C.C,|,W. (in cooperation
With US. Agencies)

Bronte, Mitchell
Toledo Islands

to assess
dumping
period of
after the
originally

the effects of dredging.
and disposal at some
time Significantly
actiVIties were
complete (Six

months to ten years or more).

1974 5 Field
Studies at
Point Pelee

C C.|.W.. Parks Canada.
Ontario Prov. Agencres.
(Possibly some contract
work)

To further investigate the
natural processes of sediment
transport. accumulation and

erosion at Pomt Pelee: and
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Not yet
costed.

Part completed by Fall
1974. full report to
be aVialable mid41975.

Study Title

Contractor

Purpose

Est. Cost

Scheduled Completion Date

$

Part completed April 19/4
(M. Sc
theSIs)_ further
work to be reported

to assess the interrelationships

between dredging activtties
south of the

point.

and

shorellne erOSion
To look at
the immediate Vicmity ot the
dredge to assess the term of
bottom topography subsequent
to dredging. the term and
general composition of the

plume, and to establish the
malor impact on the

benthic community
1974-5 Laboratory

Studies, to complete
a Preliminary
Assessment 01 the
Agricultural Potential
of Selected Lake
Sediments

CCIW and contract
analyses
Cooperation
With Canada Department

01 Agriculture. Mc Master
UniverSity & Guelph
UniverSity

To

CCIW and some contract
support

potential use

2000

lall 1974

paid to the late 0t various
contaminants
Selected sites

are generally of a polluted
nature and include Port Stanleyi
Hamilton Harbour. Lake St. Clair
and

1974 5 Laboratory
Studies, Continuation
of Lake Column,
Simulator Studies

look at the

0t dredged sediments as a SOII
additive or as an agricultural
SOII.
SpeCIal attention being

Humber bay

To establish, under controlled
conditions the nature and
occurrence

sediment,

Of VENOUS

$15000

tall

water

bioturbation,

Preliminary analyses

to be completed by
1974

and

selected biological processes 7
typical of those which might

be found to occur in the
dumping of dredged sp0ils.
Particular reference being paid
to those more to><ic compounds

Proiect reduced in scope to
study nutrient release and
DO
response because of
limited resources

Review of literature
and reView of all
experimental and
field data available
at CClW, compilation
and preparation of

CCIW and subwcontract
support for preparation

ol documents. and
literature research,
(H G. Acres, Ontario)

To complete the CClW

contributions to the Canada/US
IJC Report on Dredging and
assooated actIVities in the
Great Lakes

written material
lor incorporation

in Second Report
of the Canada/US.
Working Group on
Dredging in
the Great Lakes,
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$ 9 , 000
approx

April

1975
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DREDGING BIBLIOGRAPHY

APPENDIX

C

DREDGING BIBLIOGRAPHY
The bibliography has been divided into ten separate classifications according to that area of
interest within the context of this report where the reference would be of most value. Within each
classification a code number has been assigned for reference purposes, the first two numbers
corresponding to the year of publication or release. Thus in each category the most recent
publications appear first.
The listing is not intended to be complete but rather to form a body of literature that covers
the major areas relevant to this report. Extensive references to specific specialist areas are
contained in some of the items cited.
D

Various techniques and equipment used for dredging

T

Methods of treating, transporting and disposal of dredgings

L

Physical behaviour of large bodies of water relevant to determining current and
mixing patterns in the Great Lakes

B

Chemical and biological behaviour of large bodies of water relevant to the Great
Lakes situation

8

Description of sediments including biological and chemical characteristics and
mass transfer across the sediment water interface

I

Determination of physical, chemical and biological impacts

E
H
R
M -

Determination of socio-economic impacts
Specific project histories where follow up work has continued through project
implementation
Legislation and regulations
Material of general interest but not falling clearly into any of the above
classifications

Within each category material specifically dealing with the Great Lakes is identified by the
e.g. BG would indicate an item covering the biological or chemical
additional notation
behaviour of some part of the Great Lakes system.
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Dredging and Disposal
Practices on the Great Lakes

C.C Cable
W R Murden

Proc. 5th World
Dredging Conference.
Hamburg. Germany
Wodcon Assoc
San Pedro, Calif.

06 74002

Future Dredging and
Quantities in the Great Lakes

C N

Eastern Michigan
Univ YpSIIanti, Mich
US EPA Report

Raphael

et al

No.

Page/s

Date

2257249

1974

19/4

665/3774~029

06469001

Dredging and Water Quality
Problems in the Great Lakes
(Summary Report. References 26
Vol, 1) (Bibliography, Vol,
9, Dredging and Spell Removal Reference 49; Alternative Means

US. Army Corps
of Engineers.
Buffalo District

Mar/69

Geospace Eng, Co
Report No. 176 2
(Under contract to

1969

of Disposal 7 Reference 78)

DGA69002

Posmoning Systems for Inland
Waters:
A study at Available
Posnion Location Methods With
Recommendations on the
Acquismon of Equipment for
the Survey Vessels 01 the
Canada Centre for Inland
Waters, Burlington, Ontario

Geospace Eng.
C0.

Dept, of Energy.

Mines and Resources.
Ottawa)

Great Lakes Lab..
State Univ. of NY,
College at Buffalo
(For the US Army
Corps of Engineers)
Contract DACE 49 697
00039
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1969

EP, Fortino

Proc. 5th Wodcon World
Dredging Conf., Hamburg
Germany, Wodcon Assoc
San Pedro, Calif.

5657598

1974

Development and Future of
Dredging

A.W

ASCE Journal Waterways.
Harbors and Coastal
Eng. Div

100

69~84

May/74

D 74003

Unloading EqUipment for Gravel

W.O, Pohlke

Wored Dredging and Marine
Construction

10

26 29

June/74

D 74004

Cutterhead Research and
Standardization

LS. Slotta

Proc. 5th Wodcon World
Dredging Cont , Hamburg
Germany, Wodcon Assoc.
San Pedro, Calif.

437 474

1974

0 74005

Terra et Aqua (International

D~74006

Untersuchungen Zum Optimalen
Einsatz von Schneidkoplsang
baggern (Investigations
into the Optimum Use of
Suction Cutter Dredges)

T. Turemper

BaurMaschine and
BaurTechnik, Wiesbaden.

21

159 162

1974

D 74007

Cost/Output Ratio of a Trailing
Suction Hopper Dredger

Ir

Dock and Harbour
Authority

54

3667369

1974

0 74008

New Developments in Integrated
Processing Systems on Sand and
Gravel Dredgers

J.J ,C.M
Van Dooremalen

Proc, 5th Wodcon World
Dredging Conf., Hamburg
Germany, Wodcon Assoc,
San Pedro, Calif

369390

1974

D 73001

Submer5ible Dredge to Work on
Ocean Bottom

World Dredging and
Marine Construction

13414

Mar/73

D 73002

Cutterhead Evaluation and
Improvement Program

D R

Basco

World Dredging and
Marine Construction

14 17

May/73

D-73003

Systems Engineering and Dredging
the Feedback Problem

D.R

Basco

Texas A & M Univ,
Dept. Civ. Eng.

75p

Dec/73

D 73004

Automated Cutter Suction Dredge
Operates Successfully in Japan

T, Kadowaki

18 21

Sept/73

D 73005

Schwimmbagger Greiferbetrieb
Ohne Horizontalbewegung

J.

1497150

Mar/73

06 69003

Effectiveness of a Hopper Dredge
as an Aerator and Classifier of
Sediments

0 7400]

Model Testing of a Dredge Pump
Gas Removal System

D 74002

Mohr

Dredged Examined

1974

lnternational Assoc.
of Dredging Companies

Journal on Public Works, Ports
and Waterways Development)

Van Brakel

WW2

640

Report 173

Kindervater

World Dredging and
Marine Cosntruction
Foerdern und Heben
Mainz.

180
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Pages

Date

J

World Dredging and
Marine Construction

9

3

13-717

Feb 73

79

4»12

19/3

915

1

38 p

Oct /3

World Dredging and
Marine Construction

8

4

21722

Mar 72

World Dredging and
Marine Construction

8

4

23729

Mar 72

CIVII Eng

14

9

2917302

Sept 72

28

Jan 72

5460

Dec 72

2477277

Feb»Mar '72

(Dredgers » Grab Operation
Without Horizontal Movement)

D-73006
D773OO7

Concepts in Loading Hopper
Dredges Defined
A New DeSIgn of a Gravel Dredger

van den

Boogert

J J C M
van

D~73008

Benthic Dredge Construction

Dooremaleri

T J. Wetherbee

Ports and Dredging.
I,H C . Holland
OllICIal

the U 8

Gazette of

Patent

O ice (No

D-72001

The Continuous Dragline Dredge
A Concept

I

F

Barber

3.

762,

0/8)

0772002

Ocean Mining Operations

WC 8

D 72003

Development of Dredging
Techniques

N P

0772004

Compressed Air Dredges

J

0472005

Bartow Maintenance Dredging.
An Enwronmental Approach

G T
E C

Automated Survey and Dredge
Navrgation System

J C Gibson
G F C Weedon

Presented at 11th Annual
Canadian Hydrographic

lr

World Dredging and
Marine Construction

8

11

4142

Oct 72

World Dredging and

8

10

2472/

Sept 72

19

7

269 272

1972

211

9

1061

Dec 71

69

479

1971

WW2

3857398

May 71

2717278

1971

3 p,

1971

319 320

Nov'71

219 2116

Oct, 70

16 18

Aug'7O

209~218

Oct 70

0 72006

Pastoors

Campbell

Africa

Elliott
Gibson
Himpson

in South

International
Construction

11

World Dredging and
Marine Construction

8

13

Cont , Ottawa (Canadlan
Hydrographic SerVIce)

D 72007

IHC Venturi Draghead

D 72008

Concepts In Dredge Automation

Dredging Approach

New

R

G R

deGroot
Jessup

Marine Construction

0 72009

Experimentelle Untersuchungen

Ueber die Vorgaenge Beim Loesen
vori Boden am Scheidkopl Eines
Sangbaggers (Experimental

K

Lauler

Bau Maschine und
BaurTechnik
Wiesbaden

Investigations of the Processes

at the Cutting Head of a
Suction Dredge During the
Bright Future for Selflote

Dunlop Co.

Engineering (London)

D 71002

Dredging Pipelines and Pumps

Ir R

deGroot

Ports and Dredging.
| H C , Holland

D 71003

Dredging Methods for DeepAOcean
Mineral Recovery

J . B

Herblch

ASCE Journal Waterways
Harbors and Coastal

D 71004

The Effects of Solids on
Centrifugal Pump Characteristics

32

Loosening of SOII)

D771001

Hunt

Advances in Solid LIQUId

D 71005

The DeSIgn and Construction ol
an Underwater Dredge

1A

Eng.
A

R

Faddick

Div

Flow in Pipes and Its
Application
Edited by
| Zandi. Oxford.
Pergamon

Mardesrch

97

Press

Presented at Earthmoving

Industry Cool. Central
Illin0is Section, Peoria.

lllin0is Apr. 57/. 1971
(Somety of Automotive
Eng. Paper No 710522)

D 70001

Performance of an Improved
Accumulator for Gas Removal

D 7000l

Underwater Dredge (O S

DA7OOO3

Dredge Performance and Costs

& E.)

with Improved Hydraulic
Techniques for Deep Dredging
in Unclassified Materials

W

CD30

Numerical Dredging

g;

1R. Webb

D 71006

Adams
Herbich

Bascon

Ole P.
Erickson

Dock and Harbour

11

613

Authority

Proc. 3rd Wodcon World
Dredging Conl., Tokyo,
Japan. Oct, 1970.
Canoga Park. Calil
XYZYX lnlormation Corp
Ocean Industry

Proc. 3rd Wodcon World
Dredging Conf . Tokyo,
Japan. Oct. 1970.
Canoga Park. Calif.
XYZYX Information Corp,

181

5

8

No,
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0 70004

Comparative Fullecale Tests
of a Jet Pump on the Suction of
a Twenty two Inch Hydraulic
Dredge

M.S. Gorton

Proc. 3rd Wodcon World
Dredging Conf.. Tokyo,
Japan, Oct. 1970,
Canoga Park, Calif.
XYZYX Information Corp.

D-70005

Optimum Utilization of Cutter

Ir . A.
Hadiidakis

Ports and Dredging

Dredges

Effect of Air Content on
Performance of a Dredge

J, Herbich
R.E. Miller

Proc. 3rd Wodcon World
Dredging Conf.. Tokyo.

D 70006

I,H.C.

65

Holland

Japan,

Oct.

XYZVX

Information Corp

Page/s

Date

1197140

Oct/7O

4-8

1970

141 162

Oct/7O

88p

DeC/70

319 p.

1970

23 63

Oct/70

349 378

Oct/70

1970,

Canoga Park, Calif,
Herbich

(2nd Ed.)

R.H. Snider

Texas A 81 M Univ. Center
of Dredging Studies,

I.R.

Cooper

Report No.

D 70008

Hydraulic Dredging

J.

D 70009

Research on Dredging
Grab Buckets

H. Iwata

Field Observations of
GraVIty Flow to the Suction
Dredger in Sand Pits

J. de Koning

D 70011

A Nuclear Powered Dredge for
the 705

W,R, Murden
R.E. Donovan

Proc. 3rd Wodcon World
Dredging Conf , Tokyo.
Japan, Oct, 1970.
Canoga Park, Calif.
XYZYX Information Corp

163A208

Oct/70

D 70012

Suction Booster Pump of Pumping
Dredger

K, Nisl'ii

Proc. 3rd Wodcon World
Dredging Conf., Tokyo,
Japan, Oct. 1970,
Canoga Park. Calif.
XYZYX Information Corp.

331 347

Oct/7O

D 70013

Characteristics of the Jet Pump

Proc. 3rd Wodcon World
Dredging Conf., Tokyo,
Japan, Oct. 1970,
Canoga Park, Calif.
XYZVX Information Corp.

Oct/7O

Density

R. Silvester
S, Vongvisv
sessomiai

293 315

with Liquids of Different

Sedimentation Effects of Son in

T. Yagi

Proc. 3rd Wodcon World
Dredging Conf., Tokyo,
Japan, Oct. 1970,
Canoga Park. Calif,
XYZYX Information Corp.

1 22

Oct/7O

18-19

Mar/69

1037114

Jan/69

20-21

Mar/69

40 49

Oct/69

D-70007

D 70010

D 70014

Bibliography on Dredging

J.B

Huston

112 A CDS

Cornell Maritime Press
Inc.

Proc. 3rd Wodcon World
Dredging Conf.,

Tokyo,

Japan. Oct, 1970.
Canoga Park, Calif.
XYZYX Information Corp
Proc. 3rd Wodcon World
Dredging Conf., Tokyo,

Japan, Oct. 1970,
Canoga Park, Calif.
XYZYX Information Corp

Hopper

D 69001

Planned by US. Bureau of Mines:
Facility for Studying Offshore
Mining Methods

J . Gordon

World Dredging and
Marine Construction

D 69002

Optimum Dredging and Disposal
Practices in Estuaries

C.C. Cable

ASCE Journal of the
Hydraulic DiVismn

D «69003

Decca Dyna Fox P05itioning
System

Decca
NaVigation Co.

World Dredging and
Marine Construction

D 69004

Beach Nourishment from Offshore
Sources

G. Govatos
I, Zandi

(Journal of the American

D 69005

Modern Dredging Practice

R. Hammond

Fred Muller Ltd.
London

265 p.

1969

0 69006

Suction Dredging Literature
Survey

H.D. Murphy

Texas A&M Univ,
Center of Dredging
Studies
Report No. 1044CDS

121 p.

Jun/69

D 6900 7

Offshore Mining System
Unveiled at OTC Meeting

R.W. Niblock

Undersea Technology

22 25

Jun/69

D 69008

New Flexible Dredging System
from Italy

S.I.R.S.I.

Dock and Harbour
Authority

78~80

Jun/69

Shore and Beach

95

HYl

37

Shore and Beach Preser
vation Assoc.)

~182

49

584

Ref.

No.

0-68001

0 68002

Title

Author

The Influence of the Conditions
of Spil on the Dredging Output

A.P. H.

Hydraulic Model Investigations
in Dredging Practice

H,N.C. Breusers
E. Allersma

Source
van

Baardewuk

J.

van der

Weide

Vol.

Page/s

Date

Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968, Palos Verdes
Estates, Calif.

465 485

Oct/68

Proc. 3rd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968. Palos Verdes
Estates, Calif.

92v116

Oct/68

Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968, Palos Verdes
Estates, CaIiI,

117~169

Oct/68

D~68003

Schottel Units for the
Propulsion and Manoeuvring of
Dredging Material and the
Dynamic Posmoning of Offshore
Equipment

O.

0 68004

The Use of Tracers to Determine

M.J. Cnckmore

institution of CIVII
Engineers, Dredging Symp.
London. 18 Oct. 1967.

55 60

Oct/67

800~811

Oct/68

Infill Ratio in Proiected

Bussemaker

Dredged Channels
0 68005

Special 48 inch Dredge for
All purpose Large Dredging
Proiects

O.P. Erickson

D 68006

Proc. 2nd Wodcon World
Dredging Cont, Rotterdam,
Oct. 1968, Palos Verdes
Estates. Calif

A History of Dredging

G.L. Gower

Institution of Civil Eng.
Dredging Symp., London.
18 Oct,

Oct/67

1967,

The Economics of Dredging

R.O, Goss

Institution of CiVil Eng.
Dredging Symp., London.
18 Oct. 1967

17 22

Oct/67

0 68008

Research Needs of Dredging
Industry

J . B. Herbich

Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968.
Palos Verdes
Estates, Calif.

698 710

Oct/68

D 68009

Deep Ocean Mineral Recovery

J , B. Herbich

Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968,
Palos Verdes
Estates, Calif.

723 733

Oct / 68

D 68010

Slurry Flow Measurements Usmg
Magnetic Flowmeters

B, Ketelsen

Proc. 2nd Wodcon World
Dredging Conf, Rotterdam,
Oct. 1968.
Palos Verdes
Estates, Calil

242 254

Oct/68

0 6801]

A Model NaVigator Based on Laser

P. P.

Proc. 2nd Wodcon World
Dredging Conf.. Rotterdam.
Oct. 1968.
Palos Verdes
Estates, Calif.

224~241

Oct/68

D 68012

Beach Rehabilitation by Hopper
Dredge

L,J. Mauriello

175 188

May/68

D 68013

Assessing and Controlling
Hydraulic Dredge Performance

Proc. 2nd Wodcon World
Dredging Cont, Rotterdam.
Oct. 1968.
Palos Verdes
Estates. Calif.

486 506

Oct/68

0 68014

Site Testing of Dredging
Equipment and Operational
Research

H.P. McManus

Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct, 1968.
Palos Verdes
Estates, Calif,

399 448

Oct/68

D~6801 5

The Hydro Dump Barge

RH. Miller

Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968. Palos Verdes
Estates. Calif.

29l~314

Oct/68

D 68016

Dredging and Sultation
and Effect

W.A.

Institution of CIVII Eng.
Dredging Symo, London

31'36

Oct/67

0 6801 7

Decca Activities In Coastal and
Offshore Work

F. Schnetler

Proc. 2nd Wodcon World
Dredging Conf., Rotterdam,
Oct. 1968.
Palos Verdes
Estates, Calll.

255 290

Oct/68

Flow Visualization Techniques

L S. Slotta

Proc. 2nd Wodcon World
Dredging Conf., Rotterdam
Oct. 1968.
Palos Verdes
Estates. Calif.

56 77

Oct/68

Cause

:0:
'>t_

D 68007

Loesberg

. Mauriello
, Denning

Price

M.P, Kendrick

ASCE Journal of the
Waterways and Harbors
DiVi5ion

18 Oct

D 68018

Used in Dredge Cutterhead
Evaluation

183

,

94

WW2

1967.

Ref. No.

Title

Author
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D 68019

An Examination of the Problems
Associated With the
Transportation of Sanerater

W. Wiedenroth

Proc 2nd Wodcon World
Dredging Cont . Rotterdam,
Oct 1968
Palos Verdes
Estates, Calif

Mixtures in Pipelines and

Vol,

No.

Centrifugal Pumps
D 67001

US. Army Corps of
Engineers. Vicksburg.
MlSS Waterways Exp
Sln, Tech Rep. No

Comparison Tests of Plain and
Rifled Dredge Discharge Pipe

Page/s

Date

537 566

Oct '68

1 16 &

Jan'67

plates.
tables

27751

0 67002

Brunn
E, Taney

Use 01 Tracers in Coastal
Engineering

4357460

May 67

4537460

May/67

45769

Aug/67

Proc, lst Wodcon World
Dredging Conl., New York
May 678, 1967. Palos
Verdes Estates, Calll

603-624

May/67

Proc. 1st Wodcon World
Dredging Conl., New York
May 6 8, 1967
Palos
Verdes Estates, Calil.

3397366

May/67

Proc. 1st Wodcon World
Dredging Conl.. New York

367 396

May/67

Proc. lst Wodcon World
Dredging Conl., New York
May 6 8, 1967. Palos
Verdes Estates, Calil.

625v642

May 67

423 434

May/67

Proc lst Wodcon World
Dredging Conl , New York,
May 6-8,

1967

Palos

Verdes Estates, Calif
D 67003

Cubic Autotape Electronic
Positioning Equipment in Cook
Inlet.

Alaska

RC, DaVis
F M. Lindsey &
Assocrates

Huston

Proc lst Wodcon World
Dredging Conf , New York
May 678.

1967

Palos

Verdes Estates. Calit

ASCE Journal Waterways

93

WW3

0467004

Dredging Fundamentals

J

D 67005

Use ol Dredges lor Underwater
Storage and Blending System

M,

D 67006

Reclamation Dredging

D 67007

Experimental Use of Selle
Unloading Hopper Dredge for
Rehabilitation 01 an Ocean Beach

..J. Mauriello

0 67008

Ocean Mining

J,L.

D~67009

Offshore Dredging for Beach
Nourishment A Challenge of the
Future

J,F. Michel

Proc. lst Wodcon World
Dredging Conl., New York
May 678. 1967. Palos
Verdes Estates, Calil

D 6600 1

Two Stage Dredging Method Allows
Continuous Operation

EB, Bunce

Construction Methods and
Equment

47

3

84489

Mar/66

D~66002

Flow Measurement Techniques lor

E.P. Fortino

ASCE Journal of the
Waterways and Harbors
Diwsron

92

WW1

109 125

Feb/66

D 66003

An Optimal Plan of Organizing
Fleet of Dredges

E. Kometani
S. Kawakami

Japan Soc. of Civil Eng.
Transactions

0 6300]

Jet Dredges Work 200 Feet Down

Anon.

Engineering News Record

A Potential

Krutein

P

McManus

and Harbors DIVISIOn

May 6 8,

1967.

Verdes Estates,
Mero

Major New Industry

Hydraulic Dredges

l84

Palos

Calit,

170

125

Jan/66
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TG 74001

Can Dredging Be Continued to
Maintain the Great lakes?

C. Cable

World Dredging and Marine

10

5

24727

May 74

TG 68001

Selected Treatment Processes tor
Great Lakes Dredgings

Nebolsine

TA74001

Dredged Sp0il Disposal
GUidelines

Construction
Toth and Assoc

B

Baratz

U S

Army Corps of

Engineers.

1968

Bu alo District

WAPORA Inc

19711

Washington. DC
Report to U.S

EnViron

Protection Agency. Office
of Research and
T 74002

Development Contract
72P19705
Enwronmental Compatible

Techniques for Dumping
Dredge Spoil at Sea
T 74003

T 74004

Mathematical and PhySical Model
for the Drying Process in
Dredging Disposal

W.

Literature Revrew on Research
Study for the Development of

G.F. Lee
R.H. Plumb

Dredged Maternal Disposal
Criteria

1174005

1

T 74006

B.L. Edge

G. Karadi
R

Roderick

Painter

Proc. 5th Wodcon World
Dredging Cont , Hamburg.
Germany. Wodcon Assoc
San Pedro, Calil,
Univ

R L. Montgomery
F.H Gri is

Practices and Problems in the
Confinement ol Dredged Material
in Corps of Engineers Proiects

W L. Murphy
T.W. Zeigler

of Wisconsm,

(For addit

School of Engineering,
Milwaukee, Wisconsm

contract

Univ

U S, Army Corps of
Engineers. Waterways
Exp. Stn , Vicksburg,
Miss , Contract
Report

Corps of Engineers Dredged
Material Research Program

721 752

Proc.

R

into.
Ragotskie.

1974

1974

Wisc . Madison)
145 p

Jun'74

121 158

1974

176 p.

May'74

526 p.

May/74

D~74 1
5th Wodcon World

Dredging Cont, Hamburg.
Germany, Wodcon Assoc
San Pedro. Calif.
U S. Army Corps of
Engineers, Waterways
Exp. Stn., SOIIS and
Pavement Labs , Vicksburg.

Miss. Technical Report
D 74A2
T 74007

Regional Landlill and
Construction Maternal Needs
in Terms of Dredged Material
Characteristics and

R. Reikenis
V. Elias
E.F. Drabkowski

US Army Corps ol
Engineers, Waterways
Exp. Stn.. Vicksburg.
Miss. Dredged Material
Research Program
Contract Report D 74 2

Availability

1»2

T 74008

Establishing Salt Marsh
on Dredge SpOil

W W. Woodhouse
Jr. & S.W. Broome

Proc. 5th Wodcon World
Dredging Cont, Hamburg.
Germany, Wodcon Assoc..
San Pedro, Calif.

51-78

1974

T~73001

Present Status of Spoil
Disposal Areas Along the
Houston Ship Channel

J.

Texas A & M Univ. Center
tor Dredging Studies.
5th Dredging Seminar

88 89

Jun/73

T 73002

DeSign and Economics of
Integrated Tug Barge Systems

R. P. Giblon

Marine Technology

201 220

Jul/73

T 73004

FeaSibility Study of
Hydro-cyclone Systems for
Dredge Operations

W.G. Tiederman
M.M Reischman

U.S. Army Corps of
Engineers. Waterways
Exp. Stn., Vicksburg.
Miss., Contract Report
D-73~1 (NTlS AD 766 212)

176 p.

Jut/73

T 72001

Disposal of Dredge Spoil;
Problem Identification and
Assessment and Research
Program Development

M.B. Boyd

U.S. Army Corps of
Engineers. Waterways
Exp. Stn., Vicksburg.

121 p

1972

913 931

Jul/72

81 812

Feb/72

Farmer

R. J .

Tapscott

et al

Miss, (Technical Report

H 72 8)
T 72002

T 72003

San Francisco Bar Dredge
Material Disposal

R.M. Ecker
A,J.F. Sustar

13th Coastal Eng.
Conf.. Vancouver, B.C.
July 10 14, 1972.
Pub. New York, ASCE,

Bodemtysisch Gedrag van

J.R.

lngenieur (Hague)

Willet

Opgespoten Baggerspecre uit de

Rotterdamse Havens (Het
Begreppelen van de
Rotterdamse Baggerdepots)
(Physical Behaviour of
Pumped Dredging Materials
from Rotterdam Harbours)

185
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T-71001

Economic Transport of Digested
Sludge Slurries

B C

Raynes

H F,

Larson

Vol.

No.

Advances in Solidrliqwd

Page/s

Date

211 219

1971

Flow in Pipes and Its
Application 7 Edited by

l. Zandi. Oxford.
Pergamon Press, Paper 14

TA71002

Mercury Removed lrom Waste
Effluent via Ion Exchange

TA70004

Mercury in the Enwronment

WC
F

Gardiner

Chemical Engineering

/8

Aug/71

19

Munoz

6/ p

19/0

610 p

1970

3797401

Oct/7O

Proc, lst Wodcon World
Dredging Cont, New York,
May 6v8. 1967. Palos
Verdes Estates. Calif

2617304

May/67

Federal IntervAgency.

5987613

Jun/ 63

U.S. Geological Survey
Prolesstonal Paper 713.

U S Dept of Interior.
Washington.
T400053

Water

1970

T-70006

Utilization of the Pusher Barge
Line System in Reclamation

L K Cecn
(ed)

American Institute 01

R

Proc 3rd Wodcon World
Dredging Conf., Tokyo.

i/Vatanabe

6/

107

Chemical Engineers.
Chemical Engineering
Progress. Symposmm
Series

Japan. Oct
1970.
Canoga Park, Calif

Proiects

XYZYX Information Corp,

T 67001

T 63001

Head Losses in Pipeline
Transportation of Solids

H.A

Hopper Dredge Disposal

L.J. Mauriello
L Cacasse

Techniques and Related

Developments in DeSIgn and

Operation

Babcock

Sedimentation

Conf ,

U.S. Government Printing
Office. Washington

186-

Ref. No.

Title

LG 74001

Shore Erosmn Studies Along the
Ohio Shore of Lake Erie

LG~73001

Annotated Bibliography of Lake
Ontario, Limnological and
Related Studies,
Vol 3
Physrcal

LG 72001

Proiect HYPO
Basm

Source

C. H. Carter

Ohio Div. ol Geol. Sruvey
Sandusky, Ohio

J

State Univ. of N.Y.
College at Buffalo,
(US, EPAeR3 73 028c)

Baldwin

RA.

Sweeney

N . M, Burns
C. Ross

Erie Central

Hypolimnion and Related

Surface Water Phenomena
LG 66001

Vol.

No.

Page/s

Date
1974

1973

(NTIS PB2223OA)

An lntenswe

Study of the Lake

Author

Centre for Inland Waters,
Paper No. 6, Burlington,
Canada, and

182

p

1972

US. EPA Tech, Report
TSPOS~71 208 24

The St. Lawrence Great Lakes

A,M, Beeton
D,C. Chandler

In 0.6

Frey (Ed)

5357558

1966

Proc, of 7th Conf. on
Coastal Engineering,
The Hague, Aug. 1960.
Pub. Council on Wave
Research.
The Engineering Found
Richmond, CaIiI,

3267341

Aug/6O

313 p

1958

30 p

1974

Limnology in North
America,

Madison.

Uan, of Wisconsm Press
LG 61001

Littoral Transport in the Great

L,

LG~58OOI

Geology of the Great Lakes

J L. Hough

Univ of Illinois
Press, Urbana

L 74001

Methods for Measurement of
Dispersion in Coastal Waters

K. Cederwall
C Goransson
T Svensson

Chalmers Univ of
Technology, Goteburg

W.F. Rittal

U 8

Lakes

(Goteburg,

L 74002

Sweden)

Particulate Transport in Coastal

Waters and Effects on Water
Quality
L-73001

Baiorunas

77

EPA Pac. N.W.

EnViron

Res,

Lab

1974

,

Corvallis. Oregon

Numerical Modelling of Pollutant

Paper at International
Conference on Numerical

Transport and DisperSIon in Bays

and Estuaries

10 p

1973

5734577

May/
Junx 73

71A73

Apr 6i73

23 p

1971

Methods in Fluld Dynamics.
Univ. of Southampton.
Sept

L-73002

Storage and Cycling 01
Pollutants in Water Bodies

D. E. Armstrong
W.C. Weimer

L 73003

Mechanisms of Trace Metal
Transport in Rivers

R.

L765001

Restoration of the Lakes

S

J. Gibbs
Biork

26 28.

1973

Transactions

16

Science

180

ASAE

Lund UniverSity,

Limnologiska Institution,
Lund. Sweden
L 62001

Sioarna Trummen, Vaxiosion Och
Sodra Bergundusion Ur de

G.

Iundgwst

Fororenade Sioarnas Historia
(Lake Trummen,

A Treatise on
Vol.

1:

Limnology

Geography,

Physrcs and

Skritter Sodra
Sveriges Fiskeritorening

1962

(Writings ol the

Southern Swedish

Sea ol Vaxio and

and the southern sea of
Bergundu from history of the
United Seas),
L 57001

3

Fisheries organisation)

Stockholm
G E

Hutchinsoh

John Wiley & Sons
New York

Chemistry

187

1

1015 p.

1957

Source

Vol.

No.

Page/s

Date

Journal of the Fisheries
Research Board of Canada

31

5

837~854

May/74

H.F.H. Dobson
M. Gilbertson
P G SW

Journal 01 the Fisheries
Research Board of Canada

31

5

7317/38

1974

Great Lakes Lab .
State Univ. of NY
College at Buffalo
(Study done for US.
Army Corps of Engineers)

5V

Ref. No.

Title

Author

86 74001

Changes in the Fish Species
Composition of the Great Lakes

W.J

BGv 74002 A Summary and Comparison of
Nutrients and Related Water
Quality in Lakes Erie. Ontario
Huron and Superior

Christie

Oct/74

86 74003

Annotated Bibliography of
Limnological and Related Studies
Concerning Erie and lnlluent
Tributaries

R. Sweeney

BG774004

Chemical and Sediment Movement
from Agricultural Land into Lake
Erie

(3.0. Schwab

Ohio State Univ. School
of Agric,. Columbus
(OHOSSrl87)

1974

BG 74005

Influencmg the Interchange of
of Soluble Orthophosphate
Between Sediments and Overlying
Waters in Green Bay

J . Syers

Univ of Wisconsm
School of Agric
Madison (unpublished

1974

BG~74006

Elemental Pollutant Distribution
in Lake Erie and Lake Ontario
Ecosystems

C C

Nitrogen Fixation by
Phytoplankton in Green Bay.
Lake Michigan, in Relation to

L,N

86474007

et al

manuscript)

Thomas

1974

Nuclear Research Center,
S.U.N Y, Buffalo.
Internal Report File
Rel, R640 (unpublished)

Vanderhoet

et at

19

Limnology and
Oceanography

1

1197125

Jan/74

Nutrient Concentrations

Investigation of the Heavy
Metallic Pollutants in the
Great Lakes Ecosystem

W A. Wiliford

BG 73001

Annotated Bibliography of
Lake Ontario Limnological and
Related Studies, Vol, II
Biology

E.P, Downing
J.E. Hassan
R.A. Sweeney

State Univ ol New York
College at Buffalo
(U S. EPA»R3773-028b)
(NTIS P8222303)

BG 73002

Great Lakes Water Quality
Monitoring Strategy

GF. Lee

Proc. ClC CCIW Symp.
on Water Quality.
Parameter Selection.
Measurement and Monitoring .
Burlington, Ontario

J.M.

Univ. of Wisconsm,
Madison (M Sc, theSIs)

BG 73003 Aqueous Environmental
Chemistry of Copper and Other
Heavy Metals in Torch

1974

US, Dept, Interior
Bureau Sport Fisheries
and Wildlife, Ann Arbor,

BG774008

Michigan.

Lopez

1973

30 p.

1973

1973

Lake and

Selected Waters of the
Keweenaw Peninsula Area 01
Lake Superior
86 73004

A Study of the Potential
Effects of the Discharge of
Taconite Tailings on Water
Quality in Lake Superior

86 73005

Annotated Bibliography of Lake
Ontario Limnological and
Related Studies A Vol. 1
Chemistry

BG 73006 A Statistical Examination of
Great Lakes Chemical Monitor
Data at Canada Centre for
Inland Waters

R.H. Plumb Jr.

Univ. of Wisconsm,

D.

State Univ. of New York
College at Buffalo
(US. EPA R3 73v028a)
(NTIS P8222302)

Proto

R.A.

Sweeney

Madison (Ph D.

550 p.

1973

theSIs)

1973

W.M.J. Strachan

International Assoc. lor
Great Lakes Research,
Proc. 16th Conf. on
Great Lakes Research,
Huron. Ohio, Apr 16 18.

949 957

Apr/73

BG 72001

Mercury in the Lake Michigan
Environment

R . A. Copeland

In EnVIronmental Mercury
Contamination by
R. Hartung and
ED, Dinman, Ann Arbor.
Michigan, Ann Arbor
SCIence

71776

1972

BG 72002

Nutrients in the Great Lakes:
A New Comparison

H.F. Dobson

Canada Centre for
Inland Waters,
Burlington

82 p.

1972

(Unpublished

1973

188

manuscript)

Ref. No.

Title

Author

86 72003

Nutrients in lake Superior

H F

Source
Dobson

Vol.

No.

Page Is

Date

68 p

1972

71/

Jun

40;)

19/1

1/2 p

Jun

2

316

1969

551 569

1961

Canada Centre for
Inland Waters
Burlington
(unpublished manuscript)

864/2004

Factors in Ecologic
Successmn in Oligotrophic
Fish Communities 01 the
Laurentian Great Lakes

S H

Smith

86 71001

Nutrients in Lake

H F

Dobson

Huron

Journal 01 Fisheries
Research Board 01 Canada

29

Canada Centre for
Inland Waters.

72

Burlington
86 71002

(unpublished manuscrtpt)

Water
The Ecologic Impact of
the Interactions Among MICI'O'
organisms and Aquatic

Contaminants in Lake Erie.
Phase

86 69001

86 61001

13 74001
87 74002

B 74003

III. Parts 5.

6.

I

Pollution of Lake Erie. Lake
Ontario and The International
Section 01 the St Lawrence
River

RM. Ptister
P R Dugan
J I
Frea

C.|

Randles

Columbus, Ohio

Ohio State Univ

7 Int Lake Erie
Water Pol Board.

Report to the

A Int

Commissmn

lake Ont

Water Pol. Board.
7 St Iawrence
River Water Pol
Board

71

Water Resources Center
Proiect Completion
Report No 373x
International

Jotnt

Changes in the Bottom Fauna 01
Western lake Erie Irorn 1930 to
1961

J F, Carr
JK

HiItunen

Oceanography

Limnology and

10

Lakes
The Vital Water Resource
in Canada

J.P

Bruce

Journal of the Fisheries
Research Board of Canada

31

5

505 512

May 74

Indicator SpeCIes vs the Concept

J

Cairns

Water Resources Bulletin

IO

2

338

Apr 74

Exchange 01 Elements at the
Water Sediment Interface

E

Callendar

Univ ot Michigan
Great Lakes Div.

of Community Structure as an
Index of Pollution

19/4

Ann Arbor. Michigan
(Unpublished manuscript)

8 74004

Limnology in Canada

Journal 01 the
Fisheries Research
Board of Canada

31

5

May 74

(SpeCIaI issue prepared
tor the XIX Congress.
International Assoc

of Limnology. Aug.
1974, Winnipeg)
Bv 74005

A Test 01 the HypotheSIs That

D R 8. Lean
F.H Rigler

Limnology and
Oceanography

19

5

784 788

Sept '74

8774006

Characteristics

RC,

loehr

Journal Water Pollution
Control Federation

46

8

184971872

Aug! 74

8774007

Nutrient Exchange in Waterr
Sediment Interface and Its
Effect on Water Quality

C.P

Poon

Univ. of Rhode Island.
School of Eng,
Kingston, R I.

B 74008

Apply Sediment Water Nutrient
Exchange Methods to Shagawa
Lake Sediments and to Sediments
01 Other Lakes Destined tor
Restoration

W,D

Sanville

The Algal Bowl, Lakes and Man

IR
Vallentyne

Canada Dept of the
Enwronment. Fisheries
and Marine Servrce,
Ottawa

186 p

1974

Palaeoecological Interpretation

W. I", WarWIck

Univ. of Manitoba.
Winnipeg, Man.
(Draft text of

224 p,

1974

Abiotic Phosphate Complexing
Influences Phosphorus Kinetics
in Epilimnetic Lake Water
and Comparative

Magnitude oI Non Point Sources

(unpublished

B 74009

8774010

of Cultural

Eutrophication

Indicated by the Subtossil
Chironomid Successwn
(Chironomidae.

1974

manuscript)

U.S. EPA Pac N.W.
EnViron. Res. Lab,
Corvallis.

Oregon

PhD. them)

diptera)

189-

1974

Ref. No,

Title

Author

8 74011

An Inexpensive Sampler for
Studying the Michobiology of
River Mud

R. M

13 73001

AnalySis of Periphytic Diatom
Population Structure as a Means
of Monitoring Marine Water
Quality

P H

8-73002

Toward StatevSpace

R H

13 73003

An Analy5is of Factors Governing

Biological Populations

Models for

Source

Vol.

No.

Page/s

Date

Webster

Limnology and
Oceanography

19

1

1597161

Jan/74

Benson

Univ
Calif
(Ph.

Boling

M.

Brylinski

ProductiVity in Lakes and

K.H. Mann

Mixing Zone Concepts

C M. Fetteroll
Jr,

1973

of Southern
Los Angeles
D

theSIs)

Journal Theoretical
Biology

40

Limnology and
Oceanography

18

1

485~506

1973

1714

Jam/3

31745

1973

Reserv0irs
8773005

From:
Biological
Methods for the
Assessment ot Water
Quality. Philadelphia.
American Soc. for
Testing and Materials
(Special Technical

Publication 528)

B 73006

B»73007

8 73008

The Distribution of Trace
Metals and Fauna in the Firth
of Clyde in Relation to the
Disposal of Sewage Sludge

W. Halcrow
et al

Journal of the Marine
Biological Assoc. of

Coastline Environmental Study:
Thermoclinersewage Field
Relationships Through Microbial
Population Analysis

JD. Jackson

ASME Journal of

Feasibility of Restoration of

A
B

Proc. Conference on

Mercury Contaminated Bodies
of Water

Jernelov
Asell

53

3

7217/39

Aug/73

958

4

1020~1022

Dec/73

25p

Dec/73

the United Kingdom

Engineering for
Industry

Heavy Metals in the

Aquatic Environment.
NashVille, Tenn.
Dec.

477,

1973

Role of Phosphorus in

G F. Lee

Water Research

7

111 128

1973

8 73010

A Note on Iron 7 Organic

R.H. Plumb Jr,

Water Research

7

5817585

1973

8 7200}

The Bottom Fauna in an Oil
Contaminated Lake

L,

AMBIO. Journal of the

1

1417144

1972

9757983

Jun/ 72

64 p.

Apr/72

8773009

Eutrophication and Diffuse
Source Control
Relationship in Natural Waters

H.

Bengtsson

Berggren

Human Environment,

Research & Management
Stockholm.

P ,J

Colby

Journal of the
Fisheries Research
Board of Canada

lndex to Literature Pertinent to
Water Quality Simulation

J.R

Kramer

Dept of Geology,
McMaster Univ,

Windermere:
Effects of
Exploitation on the

ED, LeCren

8 72002

Effects of Eutrophication on
Salmonid Communities in
Oliogotrophic Lakes

8 72003

13 72004

et al

29

6

(unpublished report)

Journal of the
Fisheries Research
Board of Canada

29

6

8197832

Jun/72

et al

12

103171033

NOV 72

541 551

1972

Salmonid Community

B 72005

CopreCipitation of Organic
Compounds from Lake Water by
Iron Salts

N Sridharan
(3F. lee

EnVironmental Soience
and Technology

6

8-72006

Eutrophication Assessment Using
Remote Sensing Techniques

C T. Wezernak
F C. Polcyn

Proc. 8th Int. Symp.
on Remote Sensing of

1

EnVironment.

Env,

Res. Inst. of Mich
Ann Arbor.

MlChlgal l.

Report No, 1956

OO»1~X

13 71001

Methyl Mercury in Fish

B 71002

Ecology of Fresh Water

1972

National lnstitute of
Public Health,
Stockholm
A.L,

Brown

Haivard Univ Press
Cambridge, Mass.

190

129 p.

1971

Ref. No.

Title

Author

13 71003

Interaction ol Nitrilotriacetic

JK

Acid With Suspended and Bottom

Material

Source
Taylor

el al

U S

Vol.
EPA.

Water

Pollution Control
Research Series

Page/s

Date

31p

1971

16020 GFRO/Wl

15 70001

8470002

Methods for the Study 01

Marine Benthos

Mercury in the

>2
U)

NTIS~PB225 023 AS
8771004

Holme

McIntyre

Int, Biological

Programme Handbook
No. 16,
Blackwell Soientilic
Publications. Oxford

334 p

1971

Enwronment.

H T

Shacklette

US. Geological Survey
Circ 644, Washington

9p

1970

Aqueous Phosphate and lake

RC

Gumerman

International Assoc.
tor Great Lakes

6/3»682

1970

583 p

1970

SurtiCial Materials of the
Conterminous United States
Sediment Interaction

Research, Proc
13th Cont on Great
Lakes Research

Buffalo, N Y.,
State Univ College
Apr. 17?. 1970
8 70003
8769001

Aquatic Chemistry
Statistical Ecology

W Stumm
J.J. Morgan

IntersCIence, Wiley,

Edited by
GP Patil

International Symp
on Statistical

et al

New York

Ecology.

3V

1969

New Haven

Conn. Pub'
Park, Pa,

Univ

Pennsylvania

State University Press
8 69002

Av0idance Reactions of
Salmonid Fish to
Representative Pollutants

J B
D.E

Sprague
Drury

In

Advances in Water

169 179

1969

International

225 p.

1969

ln

3377387

1968

158671601

Sep 69

Pollution Research,
Proc

4th International

Cont 01 Water Pollution
Research. Prague. 1969
Pub Pergamon Press ltd
London, 1969
8769003

13768001

8768002

A Manual on Methods for
Measuring Primary Production
in Aquatic Erwironments

R A
Vollenweider

Controls on Mn, Fe, Co, NI,
Cu and Zn Concentrations in
Scils and Water.
The
Significant Role of Hydrous
Mn and Fe OdeeS

E A

Effects of Pollutants on Marine

M

Jenne

Biological Program Ser
No. 12
Blackwell Soientilic
Publications, Oxford
Trace Inorganics

in Water, Washington,
American Chemical

Soc . Advances in
Chemistry Series 73
Waldichuk

Organisms, Improvmg

Methodology of Evaluation 7

Journal of the Water
Pollution Control

41

Federation

A Rewew ot the Literature

8766001

lnlluence ot Suspended Solids
on the Acute Toxsmty of
Endrin to Fathead Minnows

W A

Brungs

G.W, Bailey

Proc 2lst Industrial
Waste Cont. Purdue
Univ,, May 3~5, 1966i
latayette,
(Eng Ext
No
121)

13457001

A Treatise on Limnology.
Vol. 2:
Introduction to Lake
Biology and Limnoplankton

GE

Hutchinson

Ind
Series

John Wiley & Sons
New York

191

May/66

2

1115p

1957

Source

Ref. No.

Title

Author

86 75001

Cultural Impact of Sediments
in Lakes Ontario. Erie and

A L W

Kemp

et a/

Huron

Vol.

No.

Canada Centre tor

Page/s

Date

5/ p

1975

20/7218

Mar /4

May, 7/1

Inland Waters.
Burlington.

(unpublished manuscript)

56 74001

Sedimentation Rates and Recent
Sediment History 01 Lakes
Ontario, Erie and Huron

A L W
et aI

SG 74002

The Distribution and Transport
of Mercury in the Sediments
of the Laurential Great Lakes
System

R.L

Kemp

Thomas

Journal of
Sedimentary Petrology

44

1

Proc

of the Int

1~1 r

Cont

on

1»23

Transport

of Per3istent
Chemicals in Aquatic
Ecosystems
Published

Ottawa,
National

Research Council of
Canada

84 p.

Jan 74

2527259

Apr 73

9

833 838

Sep 73

2

1-4

1973

International Assoc
for Great Lakes
Research, 16th Cont.
on Great Lakes
Research, Huron.
Ohio. Apr 16718.
1973

454 467

1973

International Assoc.
for Great Lakes
Research. 16th Conf,
on Great Lakes

183489

1973

9137918

1973

International Assoc.
for Great Lakes
Research, 16th Conf.
on Great Lakes
Research. Huron.
Ohio. Apr. 16-18,

3457348

1973

International Assoc.
tor Great Lakes Research.
15th Conf. on Great Lakes
Research. Madison. Univ.
of Wisconsm
Madison

249 259

1972

In Nutrients in Natural
Waters, Ed H.E Allen
and JR. Kramer s
lntersmence. Wiley.
New York.
1973

251 279

1972

Ohio State Uan,
Water Resources
Center (Pro; Compl.

Transter of Heavy Metal
Pollutants trom Lake Erie
Bottom Sediments to the
Overlying Water

L J. Walters. Jr

86 73001

Mercury Distribution in
Sediment Cores from Western
Lake Erie

T L. KovaCik
L T Walters Jr.

International Assoc.
for Great Lakes
Research, 16th Cont
on Great Lakes
Research. Huron.
Ohio. Apr 16-18.

86 73002

Chlorinated Hydrocarbon

H,V, Leland

/

InsectiCIdes in Sediments
of Southern Lake Michigan

et al

Enwronmental SCience
and Technology

SG 73003

Distribution and Levels ot
Lead and Arsenic in Grand
Traverse Bay. Lake Michigan
Bottom Sediments

JR

In: Preprints 01
papers presented at

13

SCI 73004

Lake Erie Nearshore
Sediments A Mohawk Peint to
Port Burwell, Ontario

D A

86 73005

Mercury Concentrations in
Chironomid Larvae and Sediments
from Sandusky Bay of Lake
Erie:
EVIdence 01
Seasonal Cycling 01 Mercury

E.J. Shoch
(2.8. Sikes

36 73006

The Interstitial Water
Composmon in the Sediments
ot the Great Lakes
I.
Western Lake Ontario

RR

SG~73007

Analyses of Phosphorus in
Lake Ontario Sediment

R,K. VVyeth

SG'72001

Release of AmmoniumvN
from Sediments to Waters

B.H Byrnes
D.R. Keeney
D.A. Groetz

SG 72002

Changes in C, N. P and S in
the Last 140 Years in Three

A.L W. Kemp

SG 74003

Rep. 421X)
(NTIS PB 230~380)

1973

R A

Marsh

Minear

St. Jacques

N A, Rukavma

166th National Mtg
of American Chemical
Soc. August. 1973.
Chicago, Illin0is

Research, Huron,

Ohio, Apr. 16718.
1973
Weller

Limnology and
Oceanography

18

6

Apr. 5 7. 1972
Cores from Lakes Ontario.

Erie and Huron

C.B.J. Gray
A. Mudrochova

192

Rel. No.

Title

Author

SGr72003

The Distribution of Trace Metals
in the SurtICial Sediments

P A

Smith

JR

Moore

Surrounding Keweenaw Point.
Upper Michigan

Source

Vol.

International Assoc

for Great Lakes Research.
15th Cont on Great Lakes
Research, Madison. Univ
of Wisconsm

Apr. 57/. 19/2
SG 72004

Distribution. Composmon.

and

Characteristics at the SuriiCIaI
Sediments of Lake Ontario

R 1 Thomas
A L .W. Kemp

No.

Page /5

Date

3837393

1972 .

Madison.

Journal ol Sedimentary
Petrology

42

1

66784

1972

3

6

6367651

Jun 72

12 p

1972

198 213

19/2

281 315

1972

Proc. of 3rd National
Symp. on Radioecology.
Oak Ridge. Tenn.

460 464

Mayr7l

Canada Centre for
Inland Waters,
Burlington

11 p,

Jun 71

6117618

1970

308 318

1970

80772005

The Distribution of Mercury in
the Sediments of Lake Ontario

R I

Thomas

Canadian Journal at
Easth SCiences

SG~72006

The Distribution of Mercury
in the Sediments of the
DetrOit River

R.L

Thomas

Canada Centre for

Bacterial and Physical
Characteristics of Lake
Ontario Sediment During
Several Months

J M

Effect 01 Sediment Diagene5is

J.D H Williams
T. Mayer

Inland Waters,

Burlington

(unpublished report)

SG 72007

Vanderpost

International Assoc

lor Great Lakes Research
15th Cont. on Great Lakes
Research. Madison. Univ
01 Wisconsin 7 Madison.

Apr, 57/. 1972
SG 72008

and Regeneration oi Phosphorus
With SpeCial Reference to
Lakes Erie and Ontario

In'
Nutrients in
Natural Waters.
Ed. H.E Allen and
JR Kramer.
lntersoence, Wiley.

New York
SG 71001

Strontiumr90 and Cesium~137 in
Water and Deep Sediments of
the Great Lakes

A

SG 71002

Report on the Occurrence and

R.I

Adsorption oi Chlorinated
Hydrocarbon Pesticides by
Microbial Floc and Lake
Sediment and Its Ecological
Implications

W.O. Leshniowsky
P R, Dugan
R.M Pfister

Distribution oi Mercury in the
Sediment of Lake St. Clair

Lerman

H

Taniguchi
Thomas

(internal report)

SG 70001

J.|.

Frea

CI Randles

International Assoc
for Great lakes Research.
13th Cont on Great
Lakes Researcy. Buffalo.
N.Y.. State Univ.

College. Apr

13.

1970

36 70002

Near Shore Sediments in
Southern Lake Ontario.
Their Dispersal Patterns and
Economic Potential

R G. Sutton
T,L Lewis
D.L Woodrow

International Assoc
for Great Lakes Research.
13th Cont. on Great
Lakes Research, Buffalo.
N.Y . State Univ.
College. Apr 1 3. 1970

SG 70003

Report on the Composition ol
Sediments Taken From Three
Stations in Lake St Clair

R.L.

Canada Centre tor
Inland Waters.

SG 69001

Geochemical Characteristics oi
Lakes Michigan and
Superior Sediments

E.

SG469002

The Distribution and Abundance
ot Benthic Fauna in Saginaw
Bay. Lake Huron

J .C. Schneider
F.F. Hooper
A.M. Beeton

SG 67001

Characteristics oi the
Sediment Load in the
St. Clair River

D.B, Duane

International Assoc.
for Great Lakes Research.
10th Conf. on Great Lakes
Research. Toronto. Univ.
ol Toronto. Apr. 1012.
1967

5 75001

Statistical Evaluation oi Recent
Sediment Geochemical Sampling

PG

Submitted to IX Internat.
Congress Sedimentology.
Nice, France. 1975

Thomas

2V

1970

Burlington.
(internal report)

Callender

International Assoc.
tor Great Lakes Research.
12 Cont. on Great Lakes
Research. Univ of Mich,
Ann Arbor.

Sly

(In press)

193-

1969

80~9O

1969

115432

1967

May 5 7, 1969

International Assoc.
tor Great Lakes Research.
12 Cont. on Great Lakes
Research, Univ. of Mich
Ann Arbor.

124~160

May 5A7,

1969

1975

Ref. No.

Title

Author

3 74001

Protocol for Evaluating the
Nitrogen Status of Lake
Sediments

D R

S- 74002

Sediment Sources,

Source

Keeney

.L. McDowell

Yield,

Transport, Deposmon and

Eutrophic Lake Sediments as

Related to Changes in
Limnological Conditions
Total, Inorganic and Organic

25 p.

Feb.74

Research Report

1974

U.S. Dept Agric
Sedimentation Lab.
Oxford. Miss.

)>U)

The Phosphorus Status of

Date

"USU

in Sediments

EPA Ecological

Page/s

Journal of the Water
Pollution Control
Federation

46

2

352-365

Feb 74

>330

3 74004

Kinetics of Mercury Absorption
and Desorption

No.

EPA 660i 3*73-024
(NTIS PBZ33 138)

Properties

S 74003

US.

Vol .

. E . Wildung
L. Schmidt
,R. Gahler

Journal of

3

2

133 138

1974

R. Austin
.F. Lee

Journal of the
Water Pollution
Control Federation

45

870»879

1973

Limnology &
Oceanography

18

1

86 94

Jan/73

18

4

628-633

Jul/'73

. Reimers
Krenkel

Envtronmental

Quality

Phosphorus

Nitrogen Release from Lake
Sediments

S~73002

pH Buffering of Pore Water 01
Recent Anoxic Marine Sediments

5e73003

Bacterial Decomposition
Processes in Lake Wingra
Sediments During Winter

.W. Boylen
.0 Brock

Limnology &
Oceanography

$773004

Field Observations on the
Transport of Heavy Metals
in Sediemnts

.J . DeGroot
. Allersma

Proc. Cont, on Heavy
Metals in the Aquatic
Environment,

8 73005

The Eh Status of Lake
Sedimenthater Systems in
Relation to Nitrogen
Transformations

, Graetz
.R, Keeney
B Aspiras

Limnology &
Oceanography

18

6

9087919

Nov/73

8 73006

The Reduction of Copper
Toxicity in a Marine Copepod by
Sediment Extract

.G. LeWIs

Limnology &
Oceanography

18

2

3247326

Mar/73

Sv 73007

Phosphate Retention by Lake
Sediments

36 p.

Jun/73

21726

1973

m

$773001

H

BeneYaakov

1973

Nashwlle. Tenn,
A

Whitfield
Ramnarine

S

Lotse

Orono, Maine Univ.
Land & Water Resources
Center.

Proiect

Completion Report.
Office of Water
Resources Research
A 0167ME(1)

(NTISePB 223 880)

Nitrogen Fixation in Lake
Sediments:
AContribution
to Nitrogen Budget of
Lake Mendota

8 73009

A Study of Lead In Lake
Sediments

P

8 73010

Sorption of Copper on Lake
Monona Sediments v Effect 01
NTA on Copper Release from
the Sediments

0 7

N

8 73008

8 73011

Dispersion of Contaminated
Sediemnt Bed Load

8 73012

The Significance of Sediment
Deposits in Large Lakes and
Their Energy Relationships

.0

EnVironmental

Peterson

Madison. WISCOnSln.
Univ. of Wisconsm.
(PhD. TheSIS)

Sanchez
,F.

I I
'U

Macgregor

PhosphOrus Release from

Lake Sediment

1973

Water Research

7

ASCE Journal of the
Hydraulics DIVlSIOn

99

SW

587 593

1973

|.A.H.S.7A I S H.

Symp

.E Wildung
.L. Schmidt

HYLL

1947 1965

Nov/73

3837396

1973

185

Apr "73

Publication No. 9.
in:
Hydrology of Lakes
Symp

8 73013

1

Lee

.W Shen
F. Cheong

.G.

4

Letters. New York

,

Proc.

Helsmki

Battelle Pactfic NW
Labs. Richland, Wash.
US EPA Report
EPA R37737024
(NTISrPBe221 342)

194

Ref. No.

Title

Author

Source

S- 72001

Control of Mercury
Contamination in Freshwater
Sediments

G. Feick
E E. Johanson
D S Yeaple

Scientilic Corp ,

Vol.

Burlington.

U.S

MA.

Page/s

Date

156 p

Oct 72

EPA Report

EPA~R2 72~077

(NT|S»PB 214 107)
5 72002
S 72003

Solubilization of Lead in Lake
and Reservou Sediments

C. D. Gregor

EnVironmental SCIence
and Technology

6

2787279

Mar/72

Beneficial Effects ol Dredging

J F

World Dredging and
Marine Construction

8

44»52

1972

Turbidity;

Supposed Toxmties

Gustafson

of Marine Sediments
8 72004

8 72005

KvickSIIverundersokningar l
Morrumsans Bottensediment.
1970 (Mercury research in
the bottom sediments of
Murrumsans)

L

Lander

A.L. Martin

Control of Mercury Pollution in
Sediments

Institutet For Vatten
Och Luftvardsforskning.
Stockholm.

Feb. 72

Midwest Research Inst
Kansas City, US EPA

1972

Report EPA R2772 043)

(NTlS PB~213J/)
8 72006

Transfer 01 PestICIdes
Through Water, Sediments and
Aquatic Life

C.E. Olney

8-72007

Early Diagene5is in a Reducmg

B.J, Presley

Fjord,

Saanich Inlet,

British

Columbia.
II.
Trace Element
Distribution in Interstitial
Water and Sediment
8 72008

Kingston R.|, Univ
Water Resources Center,

Y

Kolodny

Geochimica et
Cosmochimica Acta,
New York & Landon.

B.E St,John
P G. Sly
Thomas

Proc. of the Symp. on
Lakes of Western Canada,
Univ. Alberta, Water
Resources Centre,
Edmonton

5 72009

Bunker C Oil in Sediments and
Benthic Animals lrom Shallow
Depths in Chedabucto Bay, N S

D.J. Scarratt
V, Zitko

Journal 01 the Fisheries
Research Board of Canada

5 72010

Dredging of Mercury Contaminated
Sediments

8 71002

R,L

D,S.

Yeaple

1972

36

1073 1090

1972

145 174

1972

134771350

1972

6954702

May/72

Conf., 4th Annual,
Houston, Texas

R,G.

Ack

Fluorides

P.J
J C

Ke
Sipos

Fisheries Research
Board of Canada.

Sedimentation (Suspended Solids)

H.A.

R F

Addison

19p

1971

Einstein

309 318

1971

6D

Mar/71

29

Offshore Technology

R.A. Horne
G Feick

Examination of Bottom Deposus.
Long Harbour, Newfoundland, for
Elemental Phosphorous and for

26A32

(NTlS PBA213 172)

The Importance of Sediment
Studies in Western Lakes
as a Key to Basm Management

8 71001

8

1

Halifax Lab, N S,
(Tech. Report 233)

International Symp on
River Ecology and the
Impact of Man.
Amherst. Mass,
June 20723, 1971,

8 71003

Formation of Methyl Mercury from
Pure Mercuric Sulphide in
Aerobic Organic Sediemnt

5 71004

Migration of Major Constituents
from Lake Sediments into Lake
Water and Its Bearing on Lake
Water Composrtion

C3)

Proc, River Ecology
and Man, New York
Academic Press.

Relationships of Salmonellae

D.J. VanDonsel
E.E, Geldreich

Water Chemistry of Toxaphene
Role of Lake Sediments

G,D, Veith
G.F. Lee

Littoral Transport and Energy

L,

8 71005

8 71006
5 70001

to Fecal Coliforms in Bottom
Sediments

Relationships

T.

Fagerstrom

Swedish Water and Air
Pollution Research Lab.
Stockholm

Lerman

Limnology &
Oceanography

16

8807890

1971

Water Research

5

107941087

1971

EnVironmental SCience

5

230 234

Mar/71

2

787 798

Sep/7O

A. Jernelov
.

.J.

Brunskill

Baiorunas

and Technology

Proc
12th Coastal
Engineering Conf..
Washington, DC.
Pub
New York. ASCE

195-

Page/s

Rel. No.

Title

Author

Source

8770002

Geochemlsch onderzoek tn

A J

Natuurkundlge
Voordrachten

DeGroot

Deltagebleden (Geochermcal
explorations In delta areas)

Aerobic Lake Muds tor the
Removal of Phosphorus

19/0

Nreuve Reeks
Van Stockum.
Den Haag,

87/0003

G P

Frtzgerald

from Lake

Netherlands

550 555

llmnology &
Oceanography

Waters

Sv70004

ercksllverhalter l

Date

1970

Jan 70

H

Lann

lnstrtutet For
Vatten Och
lultvardsborsknlng.
Stockholm (Reporl 8'62)

laubenberger
Hartman

Wasserwrrtschaft
Stuttgart

372'3/5

1970

25th Industrtal
Waste Cont

5344542

1970

Paper

19/0

Bottensedrment Fran Mellulryken
Ovre HIIIen Och Sodertahevtken

(Mercury content In the
bottom sedrments from
Mollufryken, Ovre Hlllen and
Sodertsllevrken)

8 70005

Storage of Heavy Metal Salts
In Bottom Deposrts ot Rivers
and Their E ect on the Blocense
ol Mud

G
l

8 70006

Organic Sorptton lrom Aqueous
Solution by Two Clays

M

Observatlons on the Vrrus
Blndmg Capacrty of Sludges

E. Lund

8-70007

RA

lelh

Baker

Purdue
51h

Cont

Untv

lnternatlonal

of Advances

in Water

I724

Pollution

Research, San

Francxsco and Hawan

8 69001

An Evaluation of Twelve
Commonly Used Benthotoglcal
Sampling Devxces

8 64001

Laboratory Testlng an 8011
Engrneermg.
(Geotechnlcal
Monograph

J .F. Flannagan
et 3!

Fishenes Research
Board 01 Canada
(unpubllshed

T N.W Akroyd

manuscrlpl)

Soul Mechanlcs.
London

z: 1)

196

1969

1964

Ref, No

Title

lGr75001

Cultural

Impact on

Sediments in

Lakes Ontario. Erie and Huron

Author

Source

A L W Kemp
R L
Thomas
J M. Jaquet

Canada Centre for

Vol.

No.

Inland Waters.
Burlington

Page/s

Date

57 p

1975

(unpublished manuscript)

lG 74001

Dredge Sp0i| Pollution in
Michigan's Lake Superior
Harbours

D G

Leddy

T D Weight

international Assoc

(in

IG 72001

press)

Evaluation of Procedures for
RemoVing and Decontaminating
Bottom Sediments in the Lower
Great Lakes

Acres

Consulting
Serwces
Niagara Falls

Canada Centre for
inland Waters.

IG 71001

Procedures for Determining the
Effects of Dredged Sediments on
BiotaABenthos Viability and
Sediment SelectIVIty Tests

J.E Gannon
A.M. Beeton

Journal of the Water
Pollution Control
Federation

lG 69001

Studies on the Effects of
Dredged Materials lorrn Selected
Great Lakes Harbors on Plankton
and Benthos

J.E. Gannon
A.M Beeton

lG 68001

Investigation 01 Treatability
and Effect on Biota ol Dredged
Materials from Selected Great
Lakes Harbors

lG 68002

Small Scale Patterns of Spatial

I 74001

Distribution of the Lake
Michigan Macro benthos

Dredging Seminar

1974

tor Great Lakes Research.
17th Cont on Great
Lakes Research.
Report prepared lor

132 p

1972

392 398

Mar 71

Univ
01 WISCOI VSIn.
Milwaukee (SpeCial

82 p,

1969

Univ of Wisconsm.
Center for Great
Lakes Studies

249 p.

1968

International Assoc
for Great Lakes Research.
11th Cont on Great
Lakes Research,
Milwaukee, Univ. of
WisconSin, Milwaukee
Apr. 18~20. 1968

1010

1968

Burlington

43

3

Report No. 8)

W,P

Alley

R.F, Anderson

Herbich
et a/

Proc, of 6th Seminar,
7 papers.

1974

Texas A & M

Univ., Dept, CIVII Eng
Report CDS 176

l 74002

Ecological Survey Dredging
Data Gathered by Remote
Sensmg

D, Pirie
M. Murphy

World Dredging and
Marine Construction

10

9

36 40

Aug/74

I 74003

Simulation of Water Quality in
Tarawera River

J. Rutherford
M. O'Sullivan

Proc. ASCE Journal

100

EE2

369390

Apr/74

Dredge Spail Distribution and
Estuarine Effects

L.S. Slotta

l~74004

Enwronmental

Engineering

Oregon State Univ.
School 01 Eng.

1974

Corvallis (Abstract

in Water Resources
Research Cat. Sect. 5)
1974

l 74005

Dredging and the Environment:
The Plus Side

T.E.

l 74006

Water Quality Impacts of
Sediment Dredging in Large
Lake Systems

W.J. Weber

l 74007

Processes Responsible for Water
Quality Changes During Pipe
Dredging in Marine Enwronments

H.L, Windom

Proc. 5th Wodcon World
Dredging Conl., Hamburg.
Germany, Wodcon Assoc,
San Pedro, Calil.

753 798

1974

l 7300l

Ecology, Economics, Dredging r
A Balancmg Point for
Navigation

Anon.

World Dredging and
Marine Construction

64 68

Dec/'73

l 73002

Underwater Observations on
Tracks of Dredges and Trawls
and Some Effects ol Dredging on
a Scallop Ground

J.F. Caddy

Journal of the
Fisheries Research
Board of Canada

173 180

Feb/73

Turner

CNN Engineer

44

10

62 65

1970

Univ. of Mich.

School of Eng.
Ann Arbor. Michigan
(Abstract in Water
Resources Research
Cat. Section 5. 1974)

197

Oct '74

30

2

Source

Ref. No.

Title

Author

|A73OO3

Enwronmental Effects of
Dredging

J.B Herbich
R E. Schiller

Effect of Spail Disposal on
Benthic Invertebrates

W. Leathem
P Kinear
D Maurer

l 73004

Jr

R
W

No.

Proc, 5th Wodcon World
Dredging Cont
Hamburg,
Germany, Wodcon Assoc
San Pedro, Calif
Marine Pollution
Bulletin

8

4

Page/s

Date

20 p

1973

1227125

Aug/73

53 p

1973

135~138

Junx73

Biggs
Treasure

|473005

Biological Effects of Ocean
Disposal ol Solid Wastes

SD, Pratt
et al

l 73006

Mortality of Market-Sized
Oysters (Crassostrea Virginica)
in the Vicmity of a Dredging

C.D

Rose

Operation

[773007

Vol .

Univ of Rhode
Island (Tech
Report 9)
Chesapeake Science

2

111

Mar i 73

Skidway Inst of
Oceanography
Savannah, Ga,

Research to Determine the
Enwronmental Response to the
Deposmon ol Sp0il on Salt

(Annual Prog.
Report No. 2)

Marshes Usmg Diked and
Undiked Techniques

l 73008

Dredging Restores Dying Inland
Lakes

J.R. Snell

World Dredging and
Marine Cosntruction

9

14

30734

1973

l 73009

Studies in Sweden on
FeaSIbility of Some Methods
for Restoration of Mercury
Contaminated Bodies of Water

A Jernelov
H. Lann

EnVironmentaI
Sizience & Technology

7

8

712 718

Aug. 73

lv73010

Ecological Benefits 01 Hydraulic
Dredging

T.M. Turner

Proc. ASCE National
Water Resources Eng.
Meeting. Wash., D C,

|e73011

Permit Application by Radclitf
Materials Inc,
Dredging of
Deadreef Shells, Mobile.
Alabama

|A73012

Maintenance Dredging, New Haven
Harbor, Connecticut

lr72001

Studies on the FeaSibility of
Some Methods tor Restoration

1973

1874

(Final Enwronmental

187 p

1973

270 p

Aug 73

17 p

1972

44 48

Sep/72

6 D

Feb/72

8077817

Jun "72

Statement)

US. Army Corps of Eng.
Mobile. Alabama
(NTlS A ElsiAL 73705427F)
(Final Enwronmental

Statement) U S. Army
Corps of Eng , Waltham,
Mass,
(NTIS r ElS CT 73713577F)

Report of the Swedist
Water and Air Pollution
Research Lab. Stockholm

01 Mercury Contaminated

Rivers and Lakes In Sweden

l-72002

Ecological Effects of Dredged
Borrow Pits

J F

l 72003

KvickSilverundersokningar i
Samband Med Muddring av
chksilverkontaminerat
Sediment i Hallsfiarden.
1970 1971 (Mercury research
in connection with dredging
of Hg In contaminated

H,

Gustafson
Lann

World Dredging and
Marine Construction
Institutet

10

8

For Vatten

Och Luttvardstorskning
(unpublished report)

Stockholm

sediments at Hallstiarden)

#72004

Lake Vattern:

Effect of

Explaitation and

Eutrophication, and
Introductions on the
Salmonid Community
| 72005

l 72006

U. Grimas
N A. Nilsson
C Wendt

29

6

Sep/72

(Final Enwronmenlal
Statement) US
Army

Maintenance Dredging and Jetty

Repair, Hampton Harbor, New
Hampshire

Environmental Aspects ol
Dredgings in Estuaries

Journal of the
Fisheries Research
Board of Canada

Corps of Engineers.
Waltham, Mass.
(NTIS EIS NH 73 06OS F)
H L

Windom

ASCE Journal ot the
Waterways.

Harbors and

Coastal Engineering
DiViSion

~198

98

WW4

4757487

1972

Title

Author

Source

I771001

The Development of Lake Trummen
As An EnVIronmenlal Problem

S
G
U

Blork
ngerteldt
lettevall

A Report prepared by
'The Lake RestoratIon
Researchers Team .

b71002

The Santa Barbara OIl Spfll
Part 2 r lnItIaI Effects on
lntertldal and Kelp Bed
OrganIsms

M
M

Foster
Neushel

A Study 01 the Effects of a
CommercIal HydraulIc Clam

M K. Godcharles

Reft

No.

[MW

l 71003

R

Zlngrnark

In Estuarlne Areas

MaterIals from the TerrestrIal
EnvIronment to AnImals and

1771005

R J

Transfer of RadIo actlve

KVIckSIlversanerIng I
Mellanfryken (lnvestIgatIon
of pOSSIbIIItIes to control
Hg contamInatIon at
Mellanfryken)

l-71006

Green

Man

Utrednlng av Molltgheterna TIll

Undersokmngar av
KVIckSIlverhalter l SedImenn
Vatten Och Landdeponerat

of Lund,

No

Page/ 5

Date

39 p

Feb 71

115 p

1971

58 p

Jul 71

337

1971

7 p

Feb 71

234-239

1971

Sweden

Enwronmental

2

Pollutlon

6/1

FIorIda Dept
Natural Resources.

Mar Res Lab
Technlcal Serles

Dredge on Benthlc Communltles

lr71004

Vol.

A
H
E

Jernelov
lann
Lohrden

Chemtcal Rubber
PublIshIng Co
Cleveland. III
CrItIcal ReVIew In
EnVIronmental Control

2

lnstItutet For
Vatten Och
Luftvardstorskmng.
Stockholm
(Report 8 93)

A
M

Jernelov
Lord

Slam l Samband Med MuddrIngar |

2

Instltutet For

Vatten Och
lultvardsforskmng.
Stockholm

Trummen (Research on the

Mercury content In sedlment,
water & land
deposded
sludge In connectIon

dredglng at Trummen)
1770001

WIth

U.S Government
PrIntIng O Ice.
for the Comrmttee
on Commerce

U.S. Senate Heanngs on the
Effects ol Mercury on

the EnVIronment

Man and

1970

lr/0002

An Assessment of the
ASSImIIatIon of Elemental
Phosphorous by Newfoundland
MarIne Organfsms In the 1969
PollutIon Problem and In 1970
MonItorIng Operatlons

R G
Ackman
R F
Addlson
J
HIngley

FIsherIes Research
Board of Canada.
Technlcal Report
No 208. HalIlax
Lab. N S

l~70003

Phosphorus, NItrogen and Algae
In Lake WashIngton After

W T. Edmondson

SCIence

169

C.A
R S

Chemical Rubber
Publlshlng Co
Cleveland. lll
CrItIcal Revuew
In Enwronmental Control

1

15

39

p

1970

690

Aug 70

1

7767

Feb 70

(a

958 960

Now/0

DIverSIon of Sewage

| 70004

PerSIstent PestICIdes In the
EnvIronment

#70005

Release of Methyl Mercury from
Sedlments WIth Layers Contammg
Inorganlc Mercury at Dltferent

Edwards
Adams

A

Jernelov

LIrnnology &

R,

NIlsson

Swedrsh Natural
SCIence Research
CounCIl e Ecologlcal
Res, Com Bul No

Oceanography

Depths

| v 70006

Aspects on the TOXICIty ot
Cadmlum and Its Components

1970
/

Arsbok

|v70007

Inland Lake Dredgmg Evaluatron

N

D

PIerce

Wlsconsm,

Bulletm No
Ir 70008

A VIbro Corer and Portable
TrIpodrwmch Assembly for

Through Ice Sampllng

P G

K

Sly

Gardener

1970

Dept, Natural
Resources. MadIson.
(Tech

46)

lnternatronal Assoc

for Great lakes
Research, 13th Cont
on Great Lakes Research
Buffalo. N Y . State
UnIv College.

Apr

199

173.

1970

2V

297 307

1970

Ret

No.

l 70009

|r69001

Title

Author

Methyl Mercury

G

Bottom Sediment Samptmg

Source

Totfroth

P G.

Sly

Vote

Swedtsh Natural
Sctence Research
Councwt r Ecologxcal
Res Com But No
Arsbok

W T

Edmondson

Date

1970
/
8837898

tnternatlon Assoc

May 5 1

Changes In the Oxygen Deflcrt
01 Lake Washrngton

Page/s

1969

for Great lakes Research.
12th Cont on Great
Lakes Research Unw
0t Muchtgan,

l 66001

No.

Ann Arbor,

1969

Verh Int Verem
Theoret Angew

Ltmnol

(Proc

16
of

Int SOCIety tor
theoretical and applted
Irmnology) Stuttgart.

200

Dec 66

Ref.

No.

E6773001

Title

Author

Great Lakes Red Book

Source

Vol.

St Clair

EG~001
E 74001

No.

Page/s

Fourth Seacoast
Publishing Co Inc

Great Lakes Water Use Map
(First Edition)

Canada.

Date
1973

Shores, Michigan
Dept

01

EnVironment. Ottawa

A P

Les répercussmns de

l'eprOitation industrielle des
sables et grawers sur

Cressard

I'enVironnement marin et sur
les actiwte s economiques du
domaine maritime
(The
Impacts from the industrial

CNEXO French National
Centre for the
EprOitation oi the
Oceans. Paris

37 p

1974

(Summary Proc. of
California Marine A airs
and NaVigation Conference)
303 World Trade
Center. San Francisco.

46 p.

1973

eprOItation ol sand and gravels
on the marine enVIronment and on
the economic actiVities of the

maritime region)
E 73001

Ecology, Economics and
Dredging

E 73002

Fisheries Fact Sheet

Calif

94111

Enwronment Canada.

1973

Fisheries and Marine

Serwce, Ottawa
E 72001

Annual Statistical Rewew oi
Canadian Fisheries 1956 1971

Intelligence Sen/ices
Div Marketing Serwces
Branch, Fisheries

1972

Sen/ice. Dept, of the
EnVironment
(Cat. No. FS1A9/l971)

Fisheries and Forestry Annual
Report tor 1969~7O

Dept, oi Fisheries
and Forestry
(Cat, No, 1 1970)

Fisheries Statistics ol Canada,

Statistics Canada.
Ottawa

27 p

1971

[-71003

Fisheries Statistics:
Ontario,
Prairie Provmce and Northwest
Territories
1971

Statistics Canada.
Ottawa

24 p.

1971

E 71004

Shipping Report 1971,
and ll:
International

Part

Statistics Canada,
Ottawa

E 71005

Shipping Report 1971.
CoastWIse Shipping

Part III:

E771006

Traffic Report of the
St. Lawrence Seaway,

E 71001

E 71002

Canada Summary,

1971

|

Seaborne Shipping

Statistics Canada,
Ottawa
St. Lawrence Seaway
Authority. Queen's

1971

1971

2V

1971

929

1971
1971

Printer

(Cat, No, T82 2/l971)
E 71007
Ev7000l

Queen s Printer.
Ottawa

1971

D.W. Carr
and Assoc.

Ottawa

1970

W,B. Dean

Univ. of Toronto
Press, Toronto

1969
1966

lnterdepartment Task Force on

Fishing Harbours, Final Report
The Seaway in Canada s
Transportation ~ An Economic
AnalySIs

E 69001

Economic Atlas ol Ontario

E 66001

A Summary 01 a Study oi
Ontario's Marine Highways in
Relation to Recreational
Boating Requirements

Ontario Dept, of
Tourism and

Ontario/Canada Boating

Ministry of Industry
and Tourism

E«001

information,

Toronto
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Annual

Ref.

No.

Title

Author

Source

Page/s

Date

International Assoc
for Great Lakes Research.
16th Cont. on Great
Lakes Research

3217328

1973

Univ.

81p

Aug/ll

HG-73001

Effects 01 Settling Time on
Quality 01 Supernatant lrom
Upland Dredge Disposal
FaCiIities

GA
JN

Ritchie
Speakman

HG 71001

A Difquion Model for Green Bay.
Lake Michigan

W.F

Ahrnsbrak

Vol,

No.

of Wisconsm.

Sea Grant Tech. Report
No.

7 (Ph D.

Thesis)

(WISeS6A71 2O7)
H774001

Priorities and lnconSIstenCIes
in the EnVironmentaI
Protection of the New York

T R. Glenn Jr.

Paper 5.03

Harbour

H 74002

Dye and Drogue Studies 01 SPOII

Disposal and Oil Disper5ion

May/74

6th International
Harbour Congress.
Antwerp, Section 5.

V
D

Klemas
Maurer

W. Leathem

W. Treasure
P

Jourrial Water
Pollution Control
Federation

46

8

2026 2034

Aug/74

Kinner

H774OO3

Experimental Dredging to
Convert Lake Bottom from
Abiotic Muck to Productive Sand

R.L. Wilbur

Water Resources
Bulletin

10

2

3727383

Apr/74

H 73001

Dead and Dying Lakes and Rescued
by a Dredge With Chopper

Anon.

Engineering
News Record

190

21

18 19

May/73

Hv73002

Planktonic Changes Followmg
the Restoration of Lake
Trummen. Sweden

G. Andersson
G. Cronberg
C. Gelin

AMBIO. Journal of

11

1/2

44747

Feb /73

H773003

Houstonhannel, Galveston Bay.
Texas:
Report 1 r Hydraulic
and Salinity Verification

W.H. Bobb
R.A Boland Jr
A J. Banchetti

U S. Army Corps of
Engineers. Waterways
Exp. Stn,, Vicksburg.

59p

Aug/73

the Human Enwronment,
Research and Management.
Stockholm.

Miss, (Tech.

Report

H773712)
(NTlS AS 766 693)
1973

North Sea Science.
M,l T, Press. Cambridge.

Occurrence and Behawour of
Heavy Metals in River Deltas
with SpeCIal References to the
Rivers Rhine and Ems

O J. De Groot

HA73005

Envuronmental Aspects of
Jacksonville Harbour Protect

W.S

H-73006

The Distribution of Mercury.
Lead. Zinc. Copper and Cadmium
in Long Island Sound Before
and Alter Dumping of Dredged
Wastes

J.D. Gassaway
F.T. Daugherty

First Annual Report of Protect

D A

Dredging and SpOiling on Long
lsland

J S, O'Connor

H 73009

Consolidation Characteristics
of Dredging Slurries

A.B. Salem
R J. Krizek

ASCE Journal of the
Waterways. Harbors
and Coastal
Engineering Dinion

H 73010

The Effect
Wastes on
Content of
a Disposal
Sound

R.E. Smith

In.
lnterocean '73:
Int Kongresz mit
Ausstelung fur

H 73004

Mass.

Eisenberg

ASCE Journal of the
Waterways. Harbors and
Coastal Engineering

99

WW2

2657277

May/73

711v721

1973

30 p.

1973

34

Nov/73

DIVtSIDn

Hr 73007

H~73008

Hurley

Paper IO 737502

Glenora Fisheries Station.
Ontario.
report)

Quinte lor 1972

of Dumping Dredged
the Heavy Metal
Bottom Sediments in
Site in Long Island

Interocean '73

(internal

State Univ, of New
Vord.

Stony

p,

Brook.

Marine Sciences
Research Center
Tech. Report No

19
99

WW4

439 457

Nov/73

7227726

1973

133 p

1973

39p

Oct/73

Meeresforschung und

Meeresnutzung.

Dusseldorf

Nov
13718. 1973
Paper lO 737503

H 73011

Effects ol Hopper Dredging and
ln Channel Spoiling in Coos Bay.
Oregon

C.K
et 3/

H 73012

1972 Permanent Station Water
Chemistry Survey

D M

Sollitt

Oregon State Univ.
School of Oceanography
Corvallis

D,T

Wagner
Wahlstrom

(report)

Reserve Mining Co.

Silver Bay.

Minn,

(Protect 23:2208 1)
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Ref. No.

Title

Author

Source

H 73013

Water Quality Changes in an
Impoundment as a Consequence of
Artificial Destratification

C.M. Weiss
8 W Breedlove

North Carolina Water
Resources Research

Vol.

Institute Report No

(NTIS PB 219 390)
H 72001

Botany Bay Dredging Vigilance
Summary of Test Results
Pneuma Pump System

Dock and Harbour

SIRSI

H772003

Final Environmental Statement,
Erie Harbour, Pennsylvania

Page/s

so

216 p.

Jan 73

618

531

Apr/72

Date

80

Authority

H 72002

No.

52

Osaka Port Authority
(internal report)

1972

US. Army Corps of
Engineers, Buffalo

Nov/71

District

HA72004

Real or Imaginary Dilemma

V. L.

Andreliunas

C.G. Hard

17~21

Water Spectrum

(house iournal of

Spring/72

Corps of Engineers)

HA72005

The Red Herring Pollution
Arismg in Placentia Bay.
Newfoundland.
A General
Description and Chronology

PS Chamut
S G. Pond
V R. Taylor

St, John's.

Foerdertechnische Aulgaben Bel
Der Neulandgewmnung (Materials
Handling In Land Recovery)

G. Hande

Foerdern und Heben

Assessment of the Environmental
Effects Accompanying Upland
Disposal of Polluted Harbor
Dredgings, Ashtabula Harbor.
Ohio

R P Leonard
D.B. Dahm

Cornell Aeronautical

H-72008

Management ot the Thames

J.H, Potter

Paper presented to
W P R.L Symp. on
Mathematical and
Hydraulic Modelling
of Estuarine Pollution

H 72009

Dredge Sp0i| Disposal in
Rhode Island Sound

SB. Saila

Univ. of Rhode Island

el al

Marine Tech.
No. 2

H 72006

H 72007

Fisheries SerVIces
Department of EnViron

1972

Nfld

Mainz.

Lab,

Buffalo (Report)

9337935

Dec 72

25;:

1972

Apr '72

48p

Report

1972

H 71001

Birdlife on

P.J. Grant

Port of London Auth.

4 p.

Jun'7l

H 71002

The Effects ol Dredging on Water
Quality in Northwestern U.S.A.

G. O'Neal
J. Sceva

U.S EnVironmental
Protection Agency

158 p

Jul 71

H 71003

Pollution Control and the Port
of London

J.A.

Potter

Port of London Auth,

Jan'71

H 71004

Pollution of the Water

J.A.

Tetlow

Presented at 12th
Annual Seientitic

Octr71

the River Thames

Meeting of British

Academy of Foreri5ic
SCiences
H 71005

Thames Trout and Other Fishes

H 7000I

Report of the Task Force -

A,

Wheeler

Port of tendon Auth

Junr71

Ministry of Transport.

1970

Marine Engineering

1970

Information Canada

Operation Oil to the Minister
of Transport

H 70002

Dredging and Water Quality

B.W

HA7OOO3

The Role
Research
the 'Red
Placentia

P.M

HA7OOO4

The Copacabana Beach
Reclamation Proiect

Played by the Fisheries
Board of Canada in
Herring CriSis in
Bay, Newfoundland

Allen

DIVlSlOn Report
(unpublished report)

Jaanyard

M
Valente
Nicoletti

1970

FISheI leS Research
Board of Canada.
Halitax, Circ 1
Proc 3rd Wodcon World
Dredging Cont , Tokyo
Japan.

Oct.

XYZYX

Information Corp

65 106

1970

4857488

1970

16721

Dec /69

1970

Canoga Park. Calit
HA70005

Die Zunahme Der Belastung Des
Bodensees (The increase of
loading in the Bodensee)

V.G. Wagner

H 69001

CoeXistence of a Fishery and
a Maior Industry in
Placentia Bay

D.R. ldler

Wasser und Abwasser

111

9

LeipZIq

Chemistry in Canada

203-

Title

Author

A Study of Submerged Dredge
Holes in New Jersey Estuaries
with Respect to Their Fitness
as Fintish Habitate

W S.

H768001

Biological Effects of Sport
Disposal in Chesapeake Bay

R B

H767001

Improvement of Coastal Inlets

E C

Ref.

No.

H 69002

Vol.

Source

Murawski

No,

Page/s

1969

New Jersey Dept.
Conservation and
Economic

Date

Development

Div Fish and Game
Nacote Creek Research
Stn MISC Report 27M
94

8A4

6837/06

Aug/68

ASCE Journal Waterways

WW4

1857199

Nov 67

and Harbors DIVISion

93

by Sidecast Dredging

H 67002

Placing the Underwater Tubes
tor BART

ASCE CiVil Engineering

37

9

33 35

Sep "67

H-64001

Dredge Rids River of Sill from

Engineering News
Record

172

20

38439

May 14/64

H763001

Aktuelle Probleme Des
Schlammanlalls und der
Schlammboseitigung

26p

1963

Irrigation Water

Biggs

ASCE Journal of the
Sanitary Engineering

Long Jr,

et al

Dinion

Bureau ol
Reclamation
W. Bucksteeg

Wasser und
Abwasser

(Actual problems of the

origin and disposal of sludge)

204-

Leibsiq

Ref,

No,

Title

Amhor

R6773001

U S A Canada Coroperale on
POHUUOH Controls

C G

97/4001

Substandard

W C

R 73001

Slandards'

Ocean Dumpmg Crlterra

Benckhuysen

Boyer

US EPA

Source

Vol.

No.

Page/s

Date

World Dredging and

9

14

39741

19/3

World Dredging and

10

10

44746

Sep /4

Federal Reglster

38

911

128727

1973

Marlne Construction
Marine Cosntructron

128//

Rn73002
R773OO3
R 73004

Ocean Dumping Flnal Crllerra

US EPA

Proposed Criteria for Water

US EPA

Quality

Ya e vs Specral Board.

387.
to

01 a lake Bed
R 72001

198

286107
28621

19/3

8/678/9

19/3

351 F Supp
Conn

4197429

19/2

Proc 3rd Wodcon World
Dredgmg Conf
Tokyo

411-424

19/0

New Hampshlre

Resources

Scerra Club vs Mason (Action to
Emom Dredging 01 New Haven

Harbor, Connectlcut)

RA70001

38

19/3
304 A 2d

Chapter

State Denial of ltcense

Explon Natural

Federal Reglster

The Basrc Dredge Laws

T M

Turner

Japan

Oct

19/0

Canoga Park, Cam
XYZYX lnformatlon Corp
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Ref. No.
M 74001

M774002

Title
Impact

oi New Technologies in

Envrronmental

Planning at

Ports

Date

Source

A

Proc
European Cont
on Electrotechnics.
Amsterdam (Paper B 1 3)

Apr 74

Preprint 6th lnternat,
Harbour Congress
Antwerp (Section 7.

May /4

Brin

Oceanology

and Harbours

Page/s

Author

A D

Couper

Paper 7 05)

C.J. lord

ASCE Journal
Construction Dryi3ion

Final Report Expert Meeting on
Enwronmental Engineering

UNESCO

UNESCO SCv/A Cont.
647/12

M-73001

The Probabilistic
Characteristics of Pollutants
DifoSion in Marine EnVironment

A M
et a/

Proc. 15th Congress
IAHR. Istanbul,

M773002

Ueber systerntheoretische
Modelle fur Wasserguteprobleme
in Fliessgewassern (Theoretical
system model for water quality

H.

M 74003

Offshore Developments that

Me 74004

Minimize Environmental Impact

improvement problems
Fliessgewassern

Aitsam

100

2

19/4

10p

Mar

1217128

1973

74

ACTA HydrophySica.

18

1

5 25

1973

ASCE Journal
Hydraulics DivrSion

99

HYLL

206171078

NOV'73

Berlin

in

Planning for Resources
Environmental Conservation

R.F. Bessey

M-73004

Bioassay Technique and
Enwronmental Chemistry

G E. Glass
(Ed)

Seience Publ
Ann Arbor, Michigan

MA73005

Review Paper, Chemical Aspects
ol Bioassay Techniques for
Establishing Water Quality
Criteria

G.F. Lee

Water Research

M473006

Role of Hydrous Metal Oxides
in the Transport of Heavy Metal
in the Environment

G F

Symp

M 73007

Toxic Materials in SOiI
Amendments

K Wagner
I. Siddigi

NaturWissenschatten

M 72001

The Arctic Dredge, A Benthic
Biological Sampler tor Mixed
Boulder and Mud Substrates

AH

Journal of the

29

M 72002

ReView of the Causes of
Waterborne Disease Outbreaks

G.F. Graun
L.J. McCabe

American Water Works

65

M42003

Effect ol Organic Matter in a
Water Course on Radioactive
Pollution.
Methods of
Extracting. Fractionating
and Identifying the
Organic Constituents and
Their Radionuclide A inites

J. Faure

National Tech
Information
Service

M 72004

Water Publications ol State
Agencres.
A Bibliography ol
Publications on Water
Resources and Their
Management Published by the
States of the United States

G J Gieter
D K, Todd
(Eds )

Water Information

M772005

Systems Analysrs and Simulation
Ecology

B C

Academic Press
New York

M 71001

Mathematical Modeling of

D A. Bella

Me7lOO3

1597170

Paper 816

Baumert

M773003

M 71002

C02

Paper 10173

Lee

Methods lor Chemical Analysis
of Waters and Wastes

152571546

7

1973

1973

on Heavy Metals

in the Aquatic
Envrronment.

Vanderbilt Univ

Clarke

160 161

1973

IO

150371505

1972

1

74 84

Jan 73

63 p,

1972

319 p

1972

592 p.

1972

98~105

1971

977105

1971

312 p

1971

66

Berlin

Fisheries Research
Board of Canada
Assomation

Report CEA7R74335

Patten

Center, Port
Washington, N V

in
on

Estuarine Benthal Systems

Detection and Identification:
Key to Water Pollution Control
in a Petrochemical Plant

1973

ll

Technical Cont,
Estuaries ot the

PaCilic Northwest
Oregon State Univ
Corvallis Engineering
Exp Stn . Circ, No 42

LG
el a!

Cochran

in
Ind Process Design
for Pollution Control,
American

4

Institute of

Chemical Engineers
Workshop. New York
U S EPA Analytical
Quality Control
laboratory, CinCInnati
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Ref. No.

Iitle

Author

M 71004

Methods for Chemical Analysrs
of Waters and Wastewaters

W J

M 7000l

Concentration ol DDT by

R

M40002

Water Quality Effects ol
leaching from Submerged Sorls

L E Kemp
er a/

MA69001

An Analyer ol Marlne Corer

K T

Sedlmented Pollutmg Olls

SOUH 2
Traversey

Vol.

No.

Inland Waters Branch
Water Quality Drwsxon.

Page/s

Date

169 p

19/1

Ottawa
Hartung

G W

Klmgler

Enwronmental Scrence

A

5

4077410

May /0

Journal ol the
Amencan Water Works

62

6

3917396

Jun 70

3

6

2/740

and Technology

Assoc
Dynamics

Patton

G.T. Grlllen

Marlne Technology
SOCIe ly Journal

-207

Nov

Dec 59

APPENDIX

D

LETTER FROM GREAT LAKES
WATER QUALITY BOARD
WITH REFERENCE TO
MIXING ZONES

APPENDIX D

INTERNKHONALJOHH'COMNHSSON
GREAT LAKES\NATER QUALHW BOARD

April 3, 1975

Mr.

C.K.

Hurst,

Chairman, Canadian Section
International Working Group on the
Abatement and Control of Pollution
From Dredging Activities,
Department of Public Works,
Sir Charles Tupper Building,
Ottawa, Ontario K1A 0M2
Dear Mr. Hurst:

The Great Lakes Water Quality Board shares your concern for
the possible water quality problems that may result
through the dredging
and disposal of phosphorus-laden sediments from harbours in the Great
Lakes.
We understand that you have two basic concerns with respect to
dredging operations.
Firstly, should consideration be given to the

establishment of "mixing zones" in connection with these operations?

Secondly, what effect does dredging and disposal have on the availability
of the phosphorus contained in the dredged sediment as a nutrient?
It is recognized that there may be a temporary violation of
water quality objectives at dredging and disposal sites.
This is an
unavoidable situation very similar to the mixing zones being established
at municipal and industrial point source discharges.
Guidelines are
being developed for the designation of these mixing zones but final
determination of the extent and location of specific mixing zones is,

under the terms of the Water Quality Agreement, left to the jurisdictions.

Proposed dredging operations should be assessed by appropriate regulatory
agencies to ensure that environmental damage is kept to a minimum,
recognizing that short-term violations of water quality objectives may
occur. The selection of a method of dredging and the location of
disposal areas should continue to be determined on a case by case basis
through an environmental assessment procedure.

At the present time there is not sufficient information available
to determine what impact the phosphorus contained in sediments might have
Several studies are underway at CCIW in
on loadings to the lakes.
Burlington, Ontario that are intended to determine how much of the
phosphorus in sediment becomes available as a nutrient in the water.

../2
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_
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When this information becomes available, an assessment will be made as to
the necessity of making changes in Annex 2 of the Water Quality Agreement.
In summary, the Board does not believe that a mixing zone

needs to be designated for the relatively short-term violations of water

quality
objectives
likely to occur with dredging operations in the same
manner as it is for the longer term problems from municipal or industrial
waste discharges. The availability of phosphorus as a nutrient is under
active investigation and an evaluation of the impact of dredging upon
this availability must await the results of these studies.
Yours truly,

g,

Francis T. Mayo
Chairman

Professor M.

24 (AM

_,/*Chairman

United States Section

cc:

j

amesP. Brice

Canadian Section

Cohen

Mr. C. Herter
Mr. A.C. Printz
Mr. C. Pemberton

Mr. L. O'Leary
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APPENDIX

E

THUNDER BAY, LAKE SUPERIOR

POST DUMPING SITE INVESTIGATION

APPENDIX

E

THUNDER BAY, LAKE SUPERIOR;
POST DUMPING SITE INVESTIGATION
In May 1975 an acoustic survey was made at a lake disposal site in Thunder Bay, Lake

Superior, Ontario. The survey consisted of traverse lines which intersected at the disposal site

marker buoy. In the accompanying figure, side-scan sonar records illustrate the lake bed and

overlying water column conditions in areas adjacent to the marker buoy.

Record A illustrates an area where dumping has occurred, but not during the last 12-18

months. In this record the water column, overlying the lake bed sediment, is essentially clear
(acoustically). The lake bed is generally flat although a slight irregularity with relief of a few
centimeters can be made out in part of the record. Evidence of the presence of old dumped
materials can be seen in the darker, patchy nature of some of the bottom sediments.
In Record B the water column is seen to contain numerous acoustic reflectors, typical
of dense fish populations; and, additionally, the darker patches (and lighter shadow areas) imply
evidence of more recently dumped materials on the lake bed. Dumping at this location has
occurred within the last 12 months.
Both traverses A and B cover adjacent parts of an open-lake location. Wave action was
minimal at the time or recording and circulation was of low intensity. The dumping has occurred
in about 30 m of water (see scaling) and reworking of dumped materials as a result of wave
turbulence may be considered negligible.
it may be implied, therefore, that the release of nutrients contained within the dumped
materials has contributed to a locally high biological production which, in turn, has attracted a
large population of fish. Adjacent lake bed areas where dumped materials are somewhat older no
longer appear to be releasing extensive quantities of nutrients. Hence a sharp distinction may be
seen between the adjacent areas (A and B), dependent upon their nutrient release to the overlying
waters. It is most unlikely that such a sharp differentiation between recent and older dump

locations would be seen if mixing conditions were effective in the horizontal component.

These examples highlight the fact that nutrient release from dumped materials may

continue for some time after their emplacement and that potentially beneficial results may be
effected, particularly in nutrient poor locations.
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OF TERMS

GLOSSARY OF TERMS
Absorption

penetration of one substance into the body
of another.

Adsorption

the taking up on one substance at the
surface of another.

Aerobe

an organism that depends upon the presence
of free oxygen for survival.

Algae

thallophytes, or rootless plant bodies,
characterized by possessing chlorophyll,
and so capable of elaborating their food
by photosynthesis.

Allochthonous

said of food material reaching an aquatic
community from without, in the form of dead
or decaying unconsolidated sediments.

Anaerobe

a minute organism for whose life processes
a complete, or nearly total absence of
oxygen is essential.

Anion

a negatibely charged particle or ion which
moves towards the anode or positive pole.

Anoxic

depleted of oxygen; anaerobic.

Bathymetry

depth measurement.

Benthos

aquatic, bottom dwelling organisms,
including sessile, creeping and
burrowing animal species, and many
attached algae.

Bioassay

a determination of the concentration of a
given material necessary to affect a test
organism under stated conditions.

Biochemistry

the study of the chemical or physico
chemical processes and products involved
in the life of plants and animals.

Bioconcentration

the uptake and retention of environmental
substances by an organism from its
environment, as opposed to uptake of food;
bio accumulation.

Biomaginification

the uptake and retention of substances by
one organism feeding upon other organisms
which have accumulated environmental
substances.

Biomass

the living weight of a plant or animal

population.
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Biota

the flora and fauna of a region.

Cation

a positively charged particle or ion which
tends to be deposited on the cathode or
negative pole.

Colloids

very small particles which tend to remain
suspended and dispersed in liquids.

Coriolis force

the effect of the earth s rotation whereby
freely moving air and water masses are
deflected to the right in the northern
hemisphere, and the left in the southern
hemisphere.

Coregonine

a sub family of the genus salmonidea;
within the Great Lakes Basin indigenous
species include Whitefish, ciscoes and

lake herring.

Ecology

that branch of biology dealing with living
organisms. habits, modes of life, and
relations to their surroundings.

Ecosystem

a complex of ecological communities and

Epilimnion

their environment forming a functional
whole in nature.
the surface waters in a thermally

stratified body of water; these waters are
characteristically well mixed.
Eutrophic

abundant in nutrients, and having high
rates of productivity, frequently resulting
in oxygen depletion below the surface

layer.
Flocculation

the process by which suspended colloidal
or very fine particles are assembled
into larger masses or floccules which
eventually settle out of suspension.

Geochemistry

that branch of the science of chemistry
which deals with the chemical composition
of, and the past and present chemical

changes in, the earth.
Hypolimnion

the region of a body of water that extends
from below the thermocline to the bottom
of the lake and thus removed from such
of the surface influence.

lnterstitial water

water occupying intervening space or
crevices between soil particles, but not
forming part of the sorption complex.
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one of the electrically charged particles
into which the atoms or molecules of
certain chemicals are dissociated by
solution in water, and which make such
a solution a conductor of electricity.

Kurtosis

statistical measure of the peakedness or
flatness of the graph of frequency
distribution.

Lacustrine

inhabiting or growing in lakes.

Limnetic zone

the open water region of a lake, supporting
plankton and fish as the principal plants
and animals.

Littoral zone

the shallow, coastal region of a body of
water having light penetration to the
bottom, and frequently occupied by
rooted plants.

Macroinvertebrate

a large aquatic animal having no spinal
column.

MesotrOphic

having a nutrient load resulting in

moderate productivity.
Methylation

combination with the methyl radical (CH).

Molecular compounds

mixtures of elements, each consisting of
minute groups of atoms.

Morphology

the science of form and structure of plants
and animals, as distinct from consideration
of functions.

Morphometry

the science of the outer form of the earth
or its parts; the forms taken by rock,
land, terrain, etc.

Nekton

the forms of free swimming organic life

found at various depths of the oceans, and
in lakes, taken collectively.

Oligotrophic

having a small supply of nutrients and thus
supporting little organic production, and
seldom, if ever, experiencing oxygen
depletion.

pH

denoting the negative logarithm of the
hydrogen ion concentration in grams per

litre, of a solution, used in expressing
relative acidity and alkalinity. An H+
concentration of 10 grams per litre,

pH = 7 is usually regarded as neutral.
Decreasing acidity means decreasing
hydrogen ion concentration, or a rise
in the absolute value of pH.

221

up .

Photosynthesis

carbon assimilation, requiring presence of
chloroplasts and light, by synthesis of
carbohydrates from carbon dixoxide and
water.

Phytoplankton

plants, usually microscopic, floating in
aquatic systems such as rivers, ponds,
lakes and seas.

Redox potential (Eh)

a measure of the state of oxidation of a
reversible oxidation-reduction system.

Salmonid

a sub family of the genus salmonidea;
within the Great Lakes Basin indigenous
species include Atlantic salmon, brook

and lake trout.
Saltation

in sedimentation, said of the movement of
particles by bouncing along the bed and
thus transitional between bed load and
suspended load movement.

Secchi disc

a device used to measure the transparency
of water which depends upon the amount
of suspended matter and dissolved
light absorbing substances.
The disc is
circular, usually from 43 to 237 cm. in
diameter and either all white or white
and black quandrants.
The disc is
lowered into the water and depth at
which is disappears from sight is observed.

Seiches

free oscillations of a fluid in an enclosed
or semi-enclosed basin, initiated by an
external force (wind, barometric pressure
fluctuations, floods, eartquakes) and
providing the disturbing force is not
sustained.

Skewness

statistical measure of asymetry about the
point of central tendency in the graph
of frequency distribution.

Synergistic

having the capacity for cooperative action
of discrete agencies so that the total
effect is greater than the sum of the
effects taken independently.

Thermal stratification

the phenomenon occurring when a body of
water becomes divided into
distinguishable density layers, caused
by differences in temperature.

Thermocline

a layer in a thermally stratified body of

water in which the temperature changes
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rapidly with depth and separates the
epilimnion from the hypolimnion.

Trophic regime

characteristic of an ecosystem, usually
measured and described either in terms of
the standing crop per unit area (mass) or
energy fixed per unit area (mass) at
successive trophic levels. Trophic levels
cotegorize organisms by the way in which
they obtain food from primary procedures
or organic detritus involving the same
number of intermediate steps.

Wavelength

the distance in any undulation from one
crest to the next.

Zooplankton

animsls, usually microscopic, floating in
aquatic systems such as rivers, ponds,
lakes and seas.

24 hour LCSO

the median concentration of a test
material that causes death to 50 percent
of a population within 24 hours.
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S. I. UNITS AND
CONVERSION

FACTORS

S.l. UNITS AND CONVERSION FACTORS
ll

English Unit Conversions
0.3937 inches
3.2808 feet
1.0936 yards
0 . 5468 fathoms
1093.6 yards
0 .6241 statue miles
O . 5396 nautical miles
O .5340 international
nautical miles*

ll

S.l. Units
1 centimetre
1 metre = 100 cm

100 m

H

=

H

H

H

1 kilometre

H

ll

Length

1 litre

.4711 acres
.3861 mil

.0353 ft
.2642 gal (US)
.2200 gal (Imp)
.3080 yd

= 1 000 mg = 106ug

*SI defines an international nautical mile =

1852 m

ll

II
II

1 gm

1 kilogram = 1 000 grams
1 tonne = 1 000 kg
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H

Weight

ll

1m3=lOOOl

I

ll

OOO

100 ha

ll

Volume

=

ON

1 hectare = 10 000 m2

1 km2

ll

Area

.2046 lbs.
. 1023 short tons
.9842 short tons
6.076.115 feet

